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Equations that described the thermodynamic properties of the NaBr + H20 sys­
tem were obtained from a fit to experimental results for this system. The experimen­
tal results included in the fit spanned the range of temperature of approximately 260 
to 623 K and the range of pressure from the vapor pressure of the solution to 150 
MPa. New equations and/or values for the fonowing properties are given in the 
present work: 1) the change in chemical poten.tial with respect to temperature and 
pressure for NaBr(cr), valid from 200 to 900 K, 2) ~fG~and .6.fH~for formation from 
the elements for NaBr(cr) for 298.15 K and 0.1 MPa, 3) A.fG~ and Ad/rit from the 
elements, as well as S~ and C;, m, all for 298.15 K, 0.1 MPa for NaBr-2H20( cr), 4) 
the change in chemical potential for both NaBr and H20 in NaBr(aq) as a function 
of temperature, pressure, and molality, valid from 260 to 600 K and from the vapor 
pressure of the solution to 150 MPa. 

Key words: activity coefficient, apparent molar properties, aqueous, compressibility, dehydration, density, 
enthalpy, equation of state, expansivity, formation properties, Gibbs energy, heat capacity, osmotic coef­
ficient, partial molar properties, sodium bromide, sodium bromide dihydrate, solubility, thermodynamics, 
vapor pressure. 
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List of Symbols 

Debye-Hiickel coefficients for os­
motic coefficient, apparent molar 
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stant-pressure heat capacity and 
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Activity of water in a solution. 
A constant in Pitzer's ion-interac­
tion equation, chosen to be 1.2 
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1.0 kJ'mol-1'K-1, 
Apparent molar constant-pressure 
heat capacity, 
Standard-state constant -pressure 
molar heat capacity of the solute. 
Standard-state constant-pressure 
molar heat capacity of a crystalline 
phase. 
Specific constant~pressure heat ca~ 
pacity of a solution. 
Specific constant-pressure heat ca­
pacity of one kg of water. 
Constant-pressure heat capacity of 
a quantity of solution of molality 
mr and containing one kg of sol­
vent. 
Ion-interaction parameters for 
Pitzer's equation. 
Gibbs energy (extensive). 
Excess Gibbs energy of a solution 
(extensive ). 
Standard-state molar Gibbs energy 
of the solvent and the solute, re­
spectively. 
Standard-state molar Gibbs energy 
of a crystalline phase. 
Standard-state molar Gibbs energy 
of the solvent gas phase. 
Standard-state molar enthalpy of a 
crystalline phase. 
Ionic strength (J = 0.5Im;z?). 
Apparent molar isentrbpic com­
pressibility. 
1.0 kJ'mol- l

• 

Relative apparent molar enthalpy. 
Partial molar enthalpy of the sol­
vent. 
Molar mass of the solvent, 
18.0153 x 10-3 kg'mol- t
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1.0 mol'kg- t
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Reference molality. 
Moles of the i'th substance. 
Pressure. 
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Reference pressure; as a subscript 
to a property it denotes that the 
value of the property is that for the 
reference pressure. 
Gas constant, 8.3144 x 10-3 

kJ·mol- l
• 

Excess entropy of a solution 
(extensive). 
Standard-state molar entropy of a 
crystalline phase. 
Standard-state molar entropy of 
the solvent and the solute. 
Temperature. 
1.0 K 
A reference temperature; as a sub­
script to a property it denotes that 
the value of the property is that for 
the reference temperature. 
Speed of sound. 
1.0 cm3·mol- 1

• 

Apparent molar volume. 
Standard-state molar volume of 
the solute. 
Standard-state molar volume of a 
crystalline phase. 
Volume of a quantity of solution of 
molality mr and containing 1 kg of 
solvent. 
The charges of ions M and X. 
A constant in Pitzer's equation, 
chosen to be 2.0 kg1J2·mol- 1J2• 

Expansivity of a solution. 
Isothermal compressibility. 
Isentropic compressibility. 
Ion-interaction parameters in 
Pitzer's ion interaction equation. 
The standard-state molar Gibbs 
energy change for formation from 
the elements. 
The standard-state molar Gibbs 
energy change for decomposition 
of a material. 
The standard-state molar Gibbs 
energy change for solution of an 
anhydrous solute. 
The standard-state molar Gibbs 
energy change lor solution of a di­
hydrate solute. 
The standard-state molar enthalpy 
change for formation from the ele­
ments. 
The difference in freezing point 
temperature for a solvent from a 
solution and the pure solvent. 
The change in apparent molar vol­
ume for a change in molality. 
Stoichiometric activity coeffidelllt 
of ahe soHute. 
Osmoidc coeffknenL 

'Uw 

Density. 
1.0 g·cm-3

• 

VM + Vx 

The stoichiometric number of M 
and X ions in the electrolyte 
MlIMXlIX' 
Volume of one kg of water. 

1 a Introduction 

Three equations were used to represent experimental 
results for the NaBr + H 20 system. These were: 1) the 
equation of state for water given by Hint; 2) an equation 
for the change in chemical potential of NaBr(cr) as a 
function of temperature and pressure; and 3) an equation 
for the changes in chemical potentials for the aqueous so­
lution. The equation for the change in chemical potential 
of anhydrous N aBr, valid for the temperature range 200 
to 900 K, was obtained from fitting heat-capacity, en­
thalpy-change, and density measurements, and is de­
scribed in Sec. 2. Section 3 gives an estimate of the molar 
heat capacity for 298.15 K and 0.1 MPa for NaBr·2H20. 
The equation for the changes in chemical potentials with 
respect to temperature, pressure, and molality for 
NaBr(aq) was obtained from a global fit to selected val­
ues of thermodynamic measurements for the aqueous 
system. The matrix of experimental values contained 
measurements of volumetric properties, solvent activities, 
enthalpy changes, heat capacities, and solubilities from 
the solid phases. This equation and its agreement with ex­
perimental values is described in Sec. 4. Section 5 de­
scribes the thermodynamic properties for the 
dehydration reaction of the dihydrate crystal. 

2. Thermodynamic Properties of NaBr{ cr) 

The equations for the heat capacity of anhydrous N aBr 
given by Pankratz2 and by Kelle~ did not appear to be 
satisfactory for the purpose of calculating the solubility 
equilibrium for the present work. Kelley's equation was 
based on the enthalpy-increment measurements of Mag­
nus,4 these being the only experimental results available. 
Pankratz's equation was obtained from a fit to the more 
recent enthalpy-increment measurements of Gardner 
and Taylor.s Extrapolation of Pankratz's equation to tem­
peratures less than 298.15 K showed a minimum in the 
heat capacity. The temperature of this minimum was cal­
culated to be 283.4 K. This minimum can be avoided by 
inclusion of the heat-capacity results of Gardner and Tay­
lor6 for the temperature region of interest. 

In order to obtain an equation for the molar heat ca­
pacity of NaBr(cr) ·.,,,lid for the range of temperature of 
interest in i.hc current work, an equation of the form: 

c~~ III. NaBr(cr) = a + bT + cT-2 (1) 

wihere: C~ ; b ,. 2nd c were adjustabie parameters, was fitted 
~G the heat-capadty and enthalpy-increment measure-
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ments. The form of Eq. (1) for the enthalpy-increment 
measurements was: 

H:', T, NaBr(cr) - H:', T r NaBr(cr) = 
a(T- Tr) + b(T2 - T~)/2 - c(T- 1 _T;l) (2) 

where T and Tr are the upper and lower temperatures of 
the enthalpy-increment measurement. The heat-capacity 
results6 included in the fit spanned the temperature range 
of 175 to 300 K. The enthalpy-increment results of Gard­
ner and Taylor spanning the temperature range of 374 to 
999 K (reference temperature, Tr , = 273.15 K), as well as 
the four enthalpy-drop results reported by Magnus4 (ref­
erence temperature == 290 K) were also included in the 
fit. 

In order to assess the accuracy of the heat-capacity re­
sults of Gardner and Taylor the following comparisons 
were made. A plot of the difference of Gardner and Tay­
lor's heat~capacity results from those of Berg and Mor~ 
rison,7 for NaI(cr), was made. Overlayed on this plot were 
the differences between Morrison and Patterson's8 and 
Ginnings and Furukawa's9 heat-capacity results for the 
Calorimetry Conference sample of aluminum oxide; the 
two sets of Morrison's results were obtained with approx­
imately the same calorimeter. This plot indicated agree­
ment of the three sets within 0.2% to 0.4% from 80 to 
255 K. The pattern of the difference of Gardner and Tay­
lor's results from those of Morrison is similar to that of 
the difference between Ginnings and Furukawa's results 
and those of Morrison. Birch et al. tO measured the heat 
capacity of NaBr(cr) for temperatures below 20 K; these 
values were in good agreement with Gardner and Tay~ 
lor's heat capacities. It was assumed that the uncertainty 
of Gardner and Taylor's heat-capacity calorimetric 
method was 0.2% for the temperature region of the val­
ues included in the data fit. The agreement of Birch et 
al.'s and Gardner and Taylor's low-temperature heat ca­
pacities, combined with the observation that S:, cr is only 
1.46 J·K-t·mol- t for 20 K,6 indicates that little significant 
change of the 298.15 K value for S~, cr given by Gardner 
and Taylor (86.82 JoK-tomol- t) would be obtained from a 
re-evaluation of the low-temperature heat-capacity re­
sults (for example, a one percent difference in the heat­
capacity results for temperatures less than 20 K alters the 
298.15 K heat-capacity value by 0.02 JoK-t·moI-t, signifi­
cantly less than the uncertainty in the value). Thus, Gard­
ner and Taylor's value of S~, cr for 298.15 K was used for 
the present work. 

The temperature dependence of the heat capacities 
calculated from Gardner and Taylor's enthalpy-incre­
ment measurements, as either the average heat capacities 
or calculated from a fitted equation, e.g. values in Gard­
ner and Taylor's Table 2,5 did not agree with the temper­
ature dependence of their heat-capacity results. The 
difference· between these two sets of results corre­
sponded to a systematic error of 0.4% in either the en­
thalpy-increment results or in the heat-capacity results, 
but not both. An average heat capacity from 372 to 290 K 
calculated from Magnus' enthalpy-increment results did 

show good agreement with the temperature dependence 
of the measured heat capacities. On the basis of this com­
parison the uncertainty assigned to Magnus' results was 
1.0% and that assigned to Gardner and Taylor's en­
thalpy-increment results was 3%. This latter value was 
somewhat larger than the actual inaccuracy of their mea­
surements and was chosen in order that the larger num­
ber of experimental points did not cause undue skewing 
of the fitted curve in the region where the more accurate 
experimental results existed. Weighting factors for 
Eq. (1) were calculated from these estimates of uncer­
tainty. The least-squares estimated parameters for 
Eq. (1) are given in Table 1. The weighted residuals from 
the fit are shown in Fig. 1. 

The 0.1 MPa molar volumes of NaBr( cr), from 273.15 
to 323.19 K, reported by Baxter and Wallacell were fitted 
with the equation: 

?m, cr, P r = d + eT . (3) 

The parameters d and e are given in Table 1. The com­
pressibility of NaBr(cr) is small in the temperature range 
of interest here and was not included in the equation for 
the molar Gibbs energy of the anhydrous crystal. 

The equation for the molar Gibbs energy of NaBr(cr) 
is: 

T 

G~, cr = G~, cr, Tr,Pr - (T - Tr) S~, Tr,Pr + f C;. m, cr'Pr dT -
T, 

T P 

T I (C;' m, cr,p/T)dT + I v~, cr'Prdp (4) 

Pr 

where Tr and pr were chosen as 298.15 K and 0.1 MPa. 
G~, cr, TrPr is not experimentally accessible. The thermody­
namic properties for formation (~tG~, ~rH~) of both 
NaBr(cr) and NaBro2H20 (cr) for 298.15 K, 0.1 MPa are 
discussed in a subsequent section. 

TABLE 1. Least-squares estimated parameters for Eqs. (1,3) 

Parameter 

a 
b 
c 

d 
e 

Value 

48.3321·K-l·mol- 1 

1.3684 x lO-21·K-2·mol-l 
-9.4026 x 1()4 J·Komol- 1 

30.963 cm3'mol- 1 

3.877 x 10-3 cm3'K-l'mol- 1 

3. Thermodynamic Properties 
of NaBr·2H20(cr) 

There are few accurate measurements of the thermo­
dynamic properties of NaBr·2H20(cr). A value for 
Cp,m,NaBro2H20(cr) for 298.15 K, 0.1 MPa was estimated to be 
138 J·K-t·mol- t by combining the value of C;, m, cr for 
NaBr(cr) with 87 JoK-tomol- i

, an approximate value for 
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and enthalpy-change measurements for NaBr(cr) against tem­
perature. 

the heat capacity contribution for two waters of hydra­
tion. 

This value was obtained by comparison with other elec­
trolytes. A value for S::'. Tr.pr> NaBr-2H20(cr), was determined 
from fitting to the experimental solubilities of the dihy­
drate phase and other thermodynamic results for 
NaBr(aq). 

This result is discussed in detail in a later section. 

4. Thermodynamic Properties of NaBr(aq) 
4.1. Description of Equations 

A modified form of the ion-interaction model of 
Pitzer12 was used in the present work to express the ex­
cess thermodynamic properties of the solution. Descrip­
tion of Pitzer's equation can be found elsewhere13 and so 
only sufficient exposition to allow the use of the present 
equation is presented here. Pitzer's equation for the ex­
cess Gibbs energy per kg of water, nw , is: 

BMX = 

- 4IzMZxL4cj1ln(1 + bI I12) + 

2vMvX(m 2BMX + m 3vMZMCMX) 

(3~~ + 2(3~~ [1 - (1 + al l12)exp( -al l12)]!(a2I). 

(5) 

(6) 

In Eqs. (5, 6), f3~k, f3~k, and CMX are adjustable parame­
ters (ion-interaction parameters) that ar~ dependent on 
temperature and pressure, ZM and Zx are the charges of 
the cation and the anion, respectively, ex and b were cho­
sen to be constants with the values 2.0 kg1i2'mol- lI2 and 1.2 

kg1i2'mol- lI2
, respectively, VM and vx"are the stoichiometric 

numbers of cations and anions formed upon dissociation. 
AcjI is the Debye-Hiickel coefficient for the osmotic coeffi­
cient. 

Occasionally it is found that Eqs. (5, 6) do not give as 
satisfactory a representation of experimental data as may 
be desired. In such cases, additional terms of increasing 
order in molality are often appended to Eq. (5), e.g. 
DMXm 4, EMXm 5, etc. When the properties of a high-order 
polynomial are considered, one wonders if these high­
order molality functions are always the most useful solu­
tion to the problem. In the present work an alternate 
modification of Pitzer's equation was used. 

For the reasons given for the ionic-strength depen­
dence of the second viTial coefficient,12 an ionic-strength 
dependence of the third virial coefficient is not unex­
pected. An ionic-strength dependence of the third vi rial 
coefficient was assumed for the present work. For sim­
plicity, it was assumed that the functional form of the 
ionic-strength dependence of the third vi rial coefficient 
was similar in nature to that for the second viria} coeffi­
cient, for the osmotic coefficient. This assumption results 
in an ionic-strength dependent CMX that is expressed for 
the present work as: 

CMX = C~ + 4C~~ 
[6 - (6 + 6a:J 112 + 3o:?l + (~.lJ/·V2)CXp( -az/112)]!(a24J2), (7) 

where C~~ and C~~ are adjustable parameters, depen­
dent on temperature and pressure. The ionic-strength de­
pendence of the third virial coefficient improves the 
quality of fit for N aBr( aq), the present work, and also for 

J. I?hys. Chem. Ref. Data, Vet 20~ No.3, 1991 
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NaCI(aq) and Na2S04(aq), as yet unpublished work. For 
NaCI(aq), optimum values of a2 were found to be near 2 
kg1f2'mol- Ja, the same as the value of a in Eq. (6). Thus 
we take a2 in Eq. (7), and throughout the remainder of 
this work, to be the same as a in Eq. (6). 

The excess Gibbs energy, Gex, is related to the Gibbs 
energy of the solution, G, as: 

(8) 

where n 1 and n2 are the number of moles of solvent and 
solute, respectively, m is the stoichiometric molality, n is 
the number of ions formed upon complete dissociation of 
the electrolyte and m is 1.0 mol·kg- 1

• The standard-state 
molar Gibbs energy for solvent and solute are G~, 1 and 
G~, 2 , respectively. The standard states were chosen to be 
pure liquid for the solvent and the hypothetical one molal 
ideal solution for the solute, at the temperature and pres­
sure of interest, rather than at the temperature of interest 
and an arbitrary pressure. The Debye-Hiickel coefficients 
used in the present work were calculated from the equa­
tion of state for water of Hill. 1 the dielectric-constant 
equation of Archer and Wang,14 and the definitions given 
by Bradley and Pitzer .15 

Appropriate differentiation of Eq. (5) leads to the os­
motic coeffiCient, <1>, and the stoichiometric activity coef­
ficient, 'Y±,: 

m 2 4v:
2

vX (c~1c + cl11c exp( _ruI12») (9) 

( 
1112 2 ) 

In 'Y:!; = -IzMZxL4 e1> 1 +bII12 + b In(1 +b]l12) + 

m 2v~vx {2~~k + 2!~k [1 _ (1 + ruI12 _ a~])exp( _ ru I12) ]} 

+ m 2 2VM~XZM {3C~k + 4CMk [6-(6+ 6a/ 112 + 3a?I + 

a3]312 - a 4]2/2)exp( _a/112)]/(a4]2)}. (10) 

The relative apparent molar enthalpy, L., is: 

Lei> = vlzMZxL4H In(1 + b]lfl)/'lh -
2vMvxRT2(mBldx + m 2vMZMCldx) 

where: 

BL = (a~~k) + 2(af3Uk) x 
MX aT p aT p 

cL = (aC~k) 4(aC~k) x 
MX aT + aT 

p p 
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(11) 

(12) 

and whereAH is the Debye-Hiickel coefficient for appar­
ent molar enthalpy. The constant-pressure apparent mo­
lar heat capacity, Cp,., is: 

Cp, eI> = C;, m, 2 + vlzMZxlAc In (1 + bIl12)/2b 

where: 

B~ = (a2f3~~) + ~(a~~) 
aT2 

p T aT p 

x 

and whereAc is the Debye-Hiickel coefficient for appar­
ent molar heat capacity and C;, m, 2 is the standard-state 
molar heat capacity of the solute. The apparent molar 
volume of a solution, V., is: 

Vel> = V~, 2 + vlzMZxlAvln(1 + b]l12)/2b + 

(17) 
where: 

(af3~) (af3U~) B~ = -- + 2 -- x ap T ap T 

(18) 

(ac~) (aC~1c) C~x = -- + 4 -- x 
op T iJp T 

(19) 

and whereAv is the Debye-Hiickel coefficient for appar­
ent molar volume and V:, 2 is the standard-state volume 
of the solute. 

In order to avoid the complex temperature and pres­
sure behavior ofV~,2 and C;'m,2, Eqs. (17, 14) were rewrit­
ten, following, in part, the example of Rogers and 
Pitzer.16 The analogous equation for a reference molality 
was subtracted from the appropriate equation for the mo­
lality of interest to obtain, in the case of V., 

(20) 

where me is the chosen reference molality and Ir, V., me 
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are the ionic strength and the apparent molar volume 
that correspond to me, respectively. Vq" me has a less ex­
treme temperature and pressure dependence than does 
V~, 2, however, this temperature and pressure depen­
dence may be reduced further by rewriting Eq. (20) as: 

VcjI + Uwlltr:= V(mr)/nel 

vIzMZxlAvln{(1 +bIl12)/(l +hlrl12)}/2h + 
2VMvxRT{(m -mr)B~x + (mZ-m?)vMZMC~X} (21) 

where Uw is the volume of 1 kg of water, V(mr) is the vol­
ume of a quantity of solution of molality mr which con­
tains 1 kg of water and nr is the number of moles of solute 
in this quantity of solution. This rearrangement requires 
the definition of the apparent molar property, which is: 

x-XcjI = (22) 
nz 

where X is the measured property for a qnantity of so]u­
tion containing nl moles of solvent and n2 moles of solute. 
X(mr) is the desired slowly changing function, if mr is cho­
sen to be sufficiently large. In the present work mr was 
chosen to be 6 mol·kg- 1

• Equations similar to Eq. (21) 
may be written for the other apparent molar properties. 
The analogous equation for apparent molar heat capacity 
is: 

Cp, cjI + Cp , wlnr = Cp (mr)/nr + 

vIzMZxlAcln{(l + b[l!2)/(l + blrl!2)}I?h -

2VMVxRT2{(m - mr)B~x + (m 2 - m/)vMZMC~X) (23) 

where Cp (me) is the heat capacity of a quantity of solution 
containing one kg of solvent at the desired temperature 
and pressure and cp , w is the heat capacity of one kg of 
water. The pressure dependence of Cp(mr)/nr is con­
tained in V(me)/nr and so the only additional variable 
parameters introduced were those which described the 
behavior of Cp(mr)/nr along an isobar. This isobar was 
chosen to be 0.1 MPa; other choices had little effect on 
the overall quality of fit. Cp(mr)/nr along this 0.1 MPa iso­
bar will be referred to as Cp , Pr(mr)/nr 

The partial molar Gibbs energy of the solute in its stan­
dard state at temperature T and pressure p, GJri,2, T,p, may 
be written in terms of the above equations as: 

T T P 

T I ;2 f CP,Pr(mr)/nr dT dT + f V(mr)/nr dp (24) 
Tr T, p, 

where: 

(
aGe;; ) ::..:::::..L:J. 

. aT p' 
(25) 

Te and pr were chosen to be 298.15 K and 0.1 MPa, re­
spectively. The values of S t m, T 1> P rand Sf. m, Tn P r were 
taken from Coxetal. l7 to be 69.95 and 141.0J·K- 1·mo]-t, 
respectively. Cox et al.'s value for Sf. m, Tr.Pr for NaBr(aq) 
was obtained from a global fit to available data for several 
aqueous electrolytes, with the parameters being the ther­
modynamic properties of the individual ions. Thus, the 
Cox et al. value for Sf. m, Tr, P r was considered immutable 
for the present work. 

The equations describing the solubility of the anhy­
drous and dihydrate solid phases are: 

~sol G :nhydrous = 

G~2 - G~.cr,anhydrous = -2RTln(ms'Y±,s) (26) 
and 

asotG3ihydrate = G:ri,2 + 2G~, 1 - G:, cr, dihydrate = 
-2RTln(ms'Y±,s) - 2RTln aw, s . (27) 

where GJri,2, GJri,h and 0(:., cr, i are the molar Gibbs energies 
for the solute, the pure Jiquid. and the ith crystaJ phase all 
at a given T and p, respectively, dsol Gjo is the standard­
state molar Gibbs energy for the solution process of the 
ith crystal phase and ms, 'Y±, sand a w, s are the saturation 
molality, the mean stoichiometric activity coefficient for 
the solute at saturation, and the activity of water for the 
saturation molality, respectively. Of course, 0(:.,2, G(:.,l 
and G;;',cr,; cannut be evaluated and su Eqs. (26,27) were 
rewritten as: 

{G~. cr, anhydrous, T G~, cr, anhydrous, Tr } - 2RTln(ms'Y±, s) (28) 

and 

.dso\G3ihydrate, T = .dsolG3ihydrate, Tr + {G~, 2, T - G~, 2, TJ 

{G~,cr,dihydrate,T - G~,cr,dihydrate,Tr}+ 2{G~,1,T - G~,l' Tr } 

- 2RTln(ms'Y:!;, s) - 2RTln aw, s (29) 

The first braced term of Eqs. (28, 29) was obtained 
from Eq. (24), the second braced term of Eq_ (2X) was 
obtained from Eq. (4), the third braced term of I ':q. (2()) 

was obtained from the equation of Hill. I The second 
braced term of Eq. (29) was expressed as: 

{G~, cr, dihydrate, T G~, cr, dihydrate. T r} 

- (T - Tr) S:ri. cr, dihydrah-. 1',. I', I 

(30) 

Solubility measurements Wefl' inliuded in the global 
data fit. The two Gibhs l'1ll'1).',il-S (If sulution at the refer­
ence temperature, T" and refercllcl' pressure, pr, were 
treated as adjustahlc p:I ra lilt'll' rs, as was S I~, cr, dihydrate, TpPr' 

In addition, the l'xIWrillll'nt:1I soluhility results contribute 
to the determinatioll or thl' parameters for the excess 
Gibbs energy for I ill' soillt ion through Eq. (24). 

For the dehydr;ltion rt':lclion : 

1' 1aBr(cr) + 2H20(g) , (31) 
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the Gibbs energy of reaction for 298.15 K and 0.1 MPa, 
per mole of H20, is: 

where ~fG:nhydrous, Tr Pr and af G3ihydrate. Tr Pr are the stan­
dard-state Gibbs energies of formation of the anhydrous 
and dihydrate sodium bromide phases at Tr and pro The 
standard-state Gibbs energy of formation of H20 at Tr 
and Ph ~fGH20(g). TrPr' was taken from Cox et ale At any 
given temperature, the Gibbs energy of decomposition, 
~dec G m, T. Pc' is : 

0.5S~. anhydrous, Tr• Pr - 0.5S~, dihydrate, T" Pr)(Tr - T) + 
T 

f (C;' m, H20 (g),Pr + O.SC;' m, anhydrous.Pr - O.SC;' m, dihydrate'Pr)uT 

T, 
T 

- T J (C;, m, IIzO(g),Pr + O_5C;' m, anhydrous'Pr -

T, 

O.5C;' m, dihydrate,Pr) / T dT), (33) 

again per mole of water. The heat capacities and en­
tropies for Eq. (33) have been referred to previously. The 
vapor pressures of water over the dihydrate solid, from 
283.15 to 323.75 K were converted to fugacities and in­
cluded in the global data fit. 

Marshall and coauthors18 have demonstrated the ad­
vantage of representing the equilibrium constant for ion 
association for supercritical temperatures as a function of 
both solvent density and temperature. Archer19 extended 
this approach to temperatures below the solvent critical 
temperature by representing the excess properties for 
HCI(aq) for temperatures from ambient to near-critical 
with an equilibrium model, in which the equilibrium con­
stant was expressed as a function of temperature and sol­
vent density. Subsequently, Holmes et al.20 adapted this 
approach to the ion-interaction equation in their repre­
sentation of the experimental results for HCI(aq) by 
means of an ion-interaction equation in which the 
parameters were given as a function of solvent density 
and temperature. The experimental results considered by 
Holmes et ale for HCl( aq) did not include much volumet­
ric data, other than those which were, in principle, deriv­
able from the pressure dependence of their enthalpies of 
dilution. The present work expands on this approach. 

A significantly larger range of experimental results that 
defined the pressure dependence of the excess Gibbs en­
ergy existed for NaBr(aq) than for HCl(aq) and so the 
present case provides a better test of the effectiveness of 
describing the ion-interaction parameters as functions of 
temperature and solvent density. The ion-interaction 
parameters for the excess Gibbs energy for NaBr(aq) 
were expressed as: 
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~~~ = [bl,1 + b1,2(T - Tr)/To + b1,3{(T - Tr)/TO}2 + 

b1,4To/(T - 225 K) + b1,sTo/(T - 647 K) + b1,6To/T + 

b1.-,{To/(T - 225 K)P + b1,8p/po + b1,9pT /(pOTO) + 

bl,lopT2/(pOT02) + b1.llpTo/{pO(T - 225 K)} + 
b1.12PTo/(T - 647 K) + bl,13p2/p02 + 
bl.14p2T/(TOp02) + bl,lSp2To/{p02(T-225 K)} + 
b1•16p3/p3]/m ° 

~illt = [b2,l + b2,2(T - Tr)/To + b2,3{(T - Tr)/TO}2 + 
b2.4To/(T - 225 K) + b2,sTo/(T - 647 K) + 
b2,6To/T +b2,.,{To/(T-225 K)P + b2.Sp/po + 
b2,9pT/(pOTO) +b2,lOpT2/(pOT02) +b2,llpTo/ 

(34) 

{pOeT - 225 K)} + b2,12pTo/ (T - 647 K) + b2•13p2/p02 + 
b2,14p2T/(TOp02) +b2,lSp2To/{p02(T-225 K)} + 

C~k = [b3,t + b3.2(T - Tr)/T + b3,3{(T - Tr)/ToF + 
b3,4To/ (T - 225 K) + b3,sTo/ (T - 647 K) + 
b3,6To/T + b3,.,{To/(T - 225 K)P + b3,sp/po + 
b'HPT/(pOTO) + b3.topT2/(pOT02) + b3.11pTo/ 

{pOeT -225 K)} + b3,12pTo/(T - 647 K) + 
b3,13p2/p02 + b3,l4P2T /(Top02) + b3,lSp2To/ 

{p02(T - 225 K)} + b3.16p3/po3]/m 

ctU?c = [b4,1 + b4,2(T - Tr)/To + b4,3{(T - Tr)/ToY + 

b4•4To/ (T - 225 K) + b4,sTo/ (T - 647 K) + 
b4,6To/T + b4,.,{To/(T -225 K)}3 + b4,sp/po + 
b4,9pT/(pOTO) + b4,lOpT2/(pOT02) + b4,upTo/ 

{pO(T-225 K)} + b4,12pTo/(T-647 K) + 
b4,13p2/p02 + b4,14p2T /(TOp02) + b4,lSp2To/ 

(35) 

(36) 

{p02(T - 225 K)} + b4,16p3/p03]/m (37) 

where T is 1.0 K, pO is 1.0 g-cm -3 and m is 1.0 mol. kg-I. 
V(mr)/nr and Cp(mr)/nr were taken as functions of T and 
pas: 

V(mr)/nr = [bS.1 + bS,2P/po + bS,3T/(300 TO) + 
bS,4(P1p")2 + bs,s{T/(3UU T")}2 + bS•6pTI 

(p°300TO) + bS.7PT2/{P°(300 TO)~ + 
bS,sp2T/(po2300T) + bS•9{T/(300TO)}3 + 
bS.10{Tp /(300TOp °Y]VO (38) 

Cp (mr)/nr = [b6,1 + b6,2T /To + b6,3(T /T 0)2 + 
b6,4(TO/T) - 2bs,s(P -Pr)T/(p°30Q2TO) -

bS,7T(P2_p/)/(Po23002TO) - 6bs,9(T/TO)2 

(p -Pr)/(p°30Q3) - 2bs,1O(T/TO)(P3_p?)/ 

(3p °3002) ]C; (39) 

where VO is 1.0 cm3'mol-t, C; is 1.0 kJ'mol-1'K-t,po is 1.0 
MPa. The functions of Eqs. (34-39) were scaled so that 
all of the least-squares estimated parameters would be of 
the same order of magnitude. 
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The least-squares estimated parameters, bi,j, are found 
in Table 2. The absence of a value for a particular bi, j 

from Table 2 indicates that it was not used in the final 
least-squares procedure. The equation for the partial mo­
lar Gibbs energy of the solute has explicit variables T, p, 
and p. 

4.2. Agreement with Experimental Results 
for NaBr(aq) 

Reported experimental results were reduced to forms 
which were a compromise between values that were as 
close to the actually measured experimental quantity as 
possible and convenience. This reduction was used so as 
to remove the influence of changes in the properties of 
water on the input data set (i.e. the effect of a water 
property on the calculation of an apparent molar prop­
erty, the effect of a water property on calibration of an 
instrument, etc.) and to simplify the weighting of experi­
mental results. At the time the least-squares procedure 
was executed these experimental values were converted 
into the appropriate quantity for fitting and a weighting 
factor was calculated from the expected experimental er­
ror for the actual measurement. As an example, consider 

the case of experimental density results obtained with a 
pycnometer. A pycnometer is calibrated with a fluid or 
known density; in the case of aqueous solutions the 
choice of calibrating fluid is usually water. Rather than 
record the reported values of either the apparent molar 
volume or the density of the solution, the value of the 
density of solution divided by the density of water (pw as 
reported by the original investigator), pJpw, was stored in 
the data base. (Simple rearrangement of the equations 
used for both the calibration of the pycnometric vessel 
and the subsequent determination of the solution density 
shows that the quantity PJPw is the direct result of the ex­
perimental observations, i.e. the weighings.) The fitting 
program calculated the apparent molar volume from the 
value of PJPw using the Pw calculated from the chosen 
equation of state for water. The experimental uncertainty 
in apparent molar volume was also calculated from the 
expected uncertainty in pJPw. In this way, the value to be 
fitted was free from uncertainties due to the difference in 
the investigators'choice of water density and that calcu­
lated from the presently chosen equation ot" state t"or wa­
ter, as we]] as the change in definition of the liter and 
changes in atomic weights. 

TABLE 2. Least-squares estimated parameters for Eqs. (28-~0, 34-39) 

Parameter Value Parameter Value Parameter Value3 

bI.1 1.71530582184808 b2•1 V3.1 -5.10439487733469 X 10-:1 
bI ,2 1.73252346455901 X 10-3 b2,2 6.91694564546029 X 10-3 b3,2 5.43671292746595 x 10-5 

bI ,3 b2,3 - 2.36002542074249 X 10-6 b3,3 

bI ,4 -7.12047951860816 X 101 b2,4 b3•4 5.85950490319896 
b l ,5 b2,5 b3,5 

bI,6 -1.06149855919480 x 10Z b2•6 b3,to 2,67503166447214 
bl ,7 b2,7 -4.32670425215971 X 10-3 b3•7 

bl,H - 3.17819715551732 bZ,H 2.08920730994785 b3,H 4.74961164927853 x 10- 4 

bI.9 b2,9 -5.94.507937562393 x 10 ··3 b3,9 

bl,IO 1.11014863667444 X 10-6 
b 2,lO b3,l0 

bl •ll 1.03396881250985 x 1()2 b2,ll b3,l1 - 8,25906888284215 
b1,12 - 5.03344509639110 b2,12 b3•12 3.38335601272359 X 10- 1 

b l ,I3 2.92477266480196 b 2,B b3•13 

bl ,14 bZ,14 b3,14 - 3.43893892665741 x 10-5 

bI,IS - 3.48635153871965 X 101 b2,IS b3,lS 2.55121785563878 
bl ,I6 10,1862025333775 x 10-1 b2,16 b3,16 

b4,l bS,l 1.74722236351206 X to-I dsolG~nhydfous, Tr,Pr -17.oo6±0.029 kj'mo(-l 
b4,2 bS,2 -1.05498649133375 X 10-4 

AsotGdihydrate, Tr,Pr -11.881 ±0.022 kJ'mo(-1 
b4,3 4.49429821594186 x 10-7 bS,2 1.68973227859952 X 10-2 S:Z. cr, dihydrale,Tr,Pr 177.66 ± 0.5 ]·K-I·mol- J 

b4,4 -1.98475043408448 b5,4 

b4,s 1.14947024443337 X 101 bs,5 - 2.38299260480859 X 10-3 

b4,6 - 4.15575163219869 X 101 b5,6 1.28774220130067 X 10-4 

b4,7 2.98484853131687 x]()3 bS,7 -7,83136107954372 x to- 5 

b4,H bS,H 
b4,9 bS,9 5.58947543213706 X to- 3 

b4,l0 bS,lO 4,77254889781834 X 1O-H 

b4•11 b6,1 2.02845536497279 
b4,12 b6,2 - 3.87815647610758 X 10-3 

b4•13 b6,3 3.68379636925015 X 10-6 

b4,14 b6,4 -1.37650520324255 x 1()2 
b4,15 Tr 298.15 K 
b4,lo pr 0.1 MPa 

a The ± values are 95% confidence Entervals within the global data representation. 

,'I'll 
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water, as well as the change in definition of the liter and 
changes in atomic weights. 

With occasional exceptions, weighting factors were de­
fined as the inverse of the square of the expected error in 
the measurement (I/O"cxp)2. Exceptions to this are de­
scribed in the text. Explanations of the differences of the 
experimental uncertainties used in this work from those 
described by the investigators are described in the text. 

4.2.1. Volumetric Properties 

Volumetric results included in the data representation 
for NaBr(aq) spanned the temperature and pressure 
ranges of 273.15 to 623.15 K and from near the vapor 
pressure of water to 150 MPa. A list of the volumetric re­
sults considered for the global data fit is given in Table 3. 

Samples of NaBr obtained from chemical-supply 
houses usually contain some small amount of chloride im­
purity. The chloride impurity cannot be removed by re­
crystallization from water. Indeed, recrystallization from 

water increases the concentration of chloride in the pre· 
cipitate.4z Gibson and Loeffler;) showed that repeated reo 
crystallization of N aBr from water created significan1 
errors in the observed density of concentrated solutions 
and that this error became larger with each recrystalliza­
tion. They also showed that repeated recrystallization oj 
NaBr from aqueous hydrobromic acid yielded a sample oj 
NaBr of which the density of aqueous solutions did nol 
change with repeated recrystallization. Despite these re­
sults, some of the literature references to density mea­
surements described their NaBr( cr) as having beell 
repeatedly recrystallized from water. When all othel 
things were equal, experimental volumetric results ob­
tained from recrystallized samples of NaBr( cr) were 
given significantly smaller weights for the least-square~ 
procedure. 

The reported experimental volumetric measurement~ 
for NaBr(aq) were classified in one of five different cate­
gories. Pycnometric and other results in which a calibra· 
tion with a single reference fluid (water) was performed 

TABLE 3. Literature sources for the volumetric properties of NaBr(aq) 

Temperatire Pressure Molality 
Ref. Range RangeB Range n Type CTest

b 

(K) (MPa) (mol'kg- 1) 

21 298.15 0.1 ms 2 PJPw 550 x 10-6 

22 298.15 0.1 0.006 -1.0 9 PJPw 40x 10-6 

23 298.15 0.1 0.16 - 6.65 40 ddilV", 0.05-0.015 
24 298.15 0.1 0.1- 0.47 6 PJPw SOx 10-6 

25 298.15 0.1 0.06 - 0.54 10 ps-Pw 5 x 10-6, 0.1 % 
26 298.15 0.1 0.05 - 1.8 15 V", 0.1- 0.02 
27 298.15 0.1 0.6 - 4.0 3 Ps-Pw 5 x 10-6, 0.1 % 
28 298.15 0.1 0.68 - 8.38 6 Ps/Pw 400 x 10-6 

29 298.15 0.1 0.1 - 1.0 10 Ps-Pw 5 x 10-6, 0.1 % 
30 298.15 0.1 0.35 - 4.36 8 ps 400 x 10-6 

31 298.15 0.1 1.0 - 8.34 9 ps-Pw U 
32 273.15 - 343.34 0.1 0.28 - 6.65 20 PJPw 40x 10-6 

33 273.15 - 348.59 0.1 ms 10 PJPw LOx 10-3 

34 298.15 - 318.15 0.1 1.2 - 5.2 10 PJPw 40x 10-6 

35,36 298.15 - 358.15 0.1-100 0.5 -7.74 175 PJpw 40x 10-6 

37 298 - 623 .. -150 0.20 -7.95 429 Vs 3-5x 10-3 

38 293.15 - 363.15 0.1 0.10 - 6.48 36 ps 0.2 - 2.0 x 10-3 

39 288.15 - 328.15 0.1 0.05 - 8.0 81 PJPw 0.1% 
40 298.15 0.1- 40 0.05 - 4.97 40 Ps-Pw U 
41 321.7 - 549.8 ** - 32 0.05 - 3.03 174 ps-Pw " 

a ** indicates that the lowest pressure for the data set changed with the experimental temperature. 
b The letter U indicates that these points were given an insignificant weight in the least-squares procedure. 
c: Units are g·cm- 3• 

CTfit 

1243 x 1O-6 c: 

18x 10-6 d 

0.014 e 

19x1O-6 c: 

38x10-6f 

0.026' 
17x1O-6f 

518x 10-6 c: 

24x 10-6 f 

192 x 10-6c 

4100 x 10-6 c 

118 x 10-6c 

1.3 x 10-3 c: 

76x1O-6h 

53x10-6c 

3.9x 10-3 j 

0.64 X 10-3 c 

215 X 10-6j 

799 X 10-6c 

511 x 10-6 c 

d Units are g·cm-3• Lowest molality point was given an insignificant weight in the least-squares procedure, it has been included in 
CTfit· 

e Units are cm3·mol- 1• Dilutions from 6.65 mol·kg- 1 CTcxp = 0.05 cm3'mol- 1, dilutions from 2.11 and 1.84 mol·kg- 1 CTexp :=; 0.015 
cm3'mol- 1, dilutions from 1.22 mol·kg- 1 CTexp = 0.018 cm3·mol- 1• 

f Units are g-cm-3• Data were weighted as the larger of 5x10-6 cm3'mol- 1 or 0.1% of ps-Pw. 
'Units are cm3·mol- 1• Expected uncertainties ranged from 0.1 cm3'mol- 1 for 0.05 mol'kg- 1 to 0.02 cm3'mol- 1 for 0.6 mol·kg- 1 and 

larger. 
h Units are g'cm- 3, lowest molality for 298.15 K given an insignificant weight in the least-squares procedure, CTfit does not contain 

the residual for this point. 
i Units are cm3.g- 1• Results for temperatures less than 373.15 K (1exp = 3000 X 10-6 cm3.g- 1, CTcxp = 5000 x 10-6 cm3.g-1 for tem­

peratures greater than 373.15 K 
j Units are g·cm- 3• Data were weighted as CTcxp = 0.1% of p.-Pw. 
k Weighted according to the CTexp given in Ref. 41. 
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were recorded as the ratio of solution density to water 
density, ps/Pw, where the water density value was that re­
ported as having been used in the calibration of the ap­
paratus. Vibrating-tube densimeter and magnetic-float 
densimeter results were used as the difference in density 
between solution and water, ps - pw. Vibrating-tube den­
simeters require a calibration with two reference fluids of 
known densities and so are not as amenable to reduction 
as pycnometric results. Results from vibrating-tube den­
simeters, including those designed for operation at near­
ambient conditions, are subject to systematic errors in the 
calibration constant. These errors appear to be depen­
dent on the choice of calibrating fluid. For example, a fig­
ure in the operating manual for the Sodev densimeter43 

shows calibration constants obtained with different refer­
ence fluids; the calibration constants varied by approxi­
mately 0.1 %. Another possible source of systematic error 
in results obtained from vibrating-tube densimeters may 
arise from adsorption of solute on the wans of the den­
simeter tube. Indications of adsorption effects for vibrat-
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ing-tube densimeters, as wen as methods which may be 
used to correct for such effects~ have beem reported by 
Archer et ai.44 for aqueous surfactants and by lViIajer 
et al.45 for aqueous electrolytes. Tlhus~ th.e potentnaHy 
lower accuracy of these instruments, for concentrated so­
lutions, does not warrant reduction of these values for 
water calibration errors. Values obtained by means of a 
dHatometer are the change in volume for a given change 
in concentration and were described as .6.di\JI~. These val­
ues were treated in the same way as enthalpy of dilution 
values, adilL~. Values of V~ and ps for which insufficient 
information existed with which to reduce these values to 
their experimentally measured quantities were recorded 
as such. These values were usually, but not always, given 
lesser weight for the least-squares procedure. 

Figure 2 shows the difference between V~ calculated 
from the fnuedi equation. an.d values reported in the liter­
ature or calculated from volumetric measurements re­
ported in the literature for 298.15 K and 0.1 MJPa. The 
p. - 6)w values of Grzybowski and Atkinson31 showed verj 
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FIG. 3. Comparison of values of difference in density between solution and water, 
Ps- Pw, against pressure for 298.15 K The solid lines were calculated from the 
global fit. 

large disagreement with the other values and thus were 
given no significant weight in the least-squares proce­
dure. It is also noted that not all of the Vcjl values given by 
Grzybowski and Atkinson could be calculated from their 
reported values of ps - Pw, the difference being as large as 
9 cm3'mol-1 in one case. Grzybowski and Atkinson did 
not discuss the disagreement of their values with the ear­
lier literature values. 

Figure 3 shows ps-pw for 4.972 mol'kg- 1 NaBr(aq) re­
ported by Gates and Wood40 and values calculated for 
5.131 mol'kg- 1 NaBr(aq) from the pJPw of Gibson and 
Loeffler,36 both for 298.15 K. The pressure dependence 
of Gates and Wood's ps - Pw was somewhat different from 
that of Gibson and Loeffler's measurements. For 0.101 
MPa, Gates and Wood's values agreed with the remain­
der of the literature values within their experimental un­
certainties. Differences occurred for increasing molality 
and pressures greater than 10 MPa; the largest difference 
was approximately four to five times larger than Gates 
and Wood's estimated uncertainty. Because other exper­
imental results exist for the region of conditions consid­
ered by Gates and Wood, their results were given an 
insignificant weight in the least-squares procedure. 

The root-mean-square (r.m.s.) error for Majer et al.'s41 
results was 511 x 10-6 g·cm- 3• In the region of tempera­
ture in which there was an overlap of the results of Majer 
et al. with those of Gibson and Loeffle~6, there also ap­
peared to be a systematic difference for pressures signif­
icantly removed from ambient. The average weighted 
error for some of Majer's sets of measurements were: 
- 0.005 for 321.7 K and 0.8 MPa; -1.6 for 321.7 K and 
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32.2 MPa; -1.47 for 347.6 K and 0.8 MPa; and - 3.3 fO! 
347.6 K and 32.5 MPa. These values3 showed that there 
existed a discrepancy of the pressure dependence of Ma­
jer's results from those of Gibson and Loeffler's and that 
the sign of this discrepancy was the same as that observed 
for the difference between Gates and Wood's40 values 
from Gibson and Loeffler's. Additionally, the value 01 
this difference was approximately the same for both sets 
and not strongly dependent on temperature between 298 
and 358 K. The densimeter used by Majer et al. was sim­
ilar to that of Gates and Wood. Majer's densimeter was 
calibrated with H20, D20, and occasionally N2, whereas 
Gales and Woou useu H20 anu Nz. Bulh methods uf cal­
ibrating did not detect this 0.4% discrepancy in the pres­
sure dependence of the calibrations and so the difference 
between the vibrating-tube densimeter results and those 
from the compression apparatus was perplexing. Similar 
differences were not found for NaCl(aq). Although there 
existed this difference for N aBr( aq). it must be observed 
that it was a percentage error in ps - Pw, not in ps, and so 
for low concentrations the vibrating-tube apparatus stm 
yielded ps - pw results which were orders of magnitude 
more accurate than those obtained with conventional 
high-temperature PIT methods. The r.m.s. error for 

a (Crudely speaking, the average weighted error should be zero if the 
source of error is random and the sample is sufficiently large, a 
nonzero value between 1 and -1 is indicative of a systematic errOl 
that falls within the estimated standard error of the measurements, 
absolute values of the average weighted error larger than 1 indicate a 
systematic error larger than the estimated standard error of the mea· 
surements.) 
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Egorov el al:s results was 3900 x 10-6 gocm-\ which was 

within their stated uncertainties. 
There does not exist a thermodynamic relation be­

tween the speed of sound in a solution and the isentropic 
compressibility, f3s. If absorption of the propagated wave 
is small for the selected frequency and other uncertain­
ties are also small,102 then the isentropic compressibility 
can be approximated as: 

1 
13s = u2 ps (40) 

where u is the speed of sound. The isentropic compress­
ibility is related to the isothermal compressibility, 13, as: 

<ls2T 

(3 = J3s + pscp, s 
(41) 

where a. and Cp ,' are the expansivity and the specific heat 
capacity of the solution. Figure 4 shows a comparison of 
the isentropic compressibility calculated from the fitted 
equation and that calculated from reported speeds of 
sound for 298.15 K.29

,31 The values calculated from 
Millero et al.'s results showed an r.rn.s. difference from 
the fitted equation of 1.1 x 10-6 MPa- 1

• This difference 
was significantly greater than MiHero's estimated uncer­
tainty in 13s of 2 x 10-8 MPa- 1

,46 however it was satisfac­
tory for the purpose of this work. The difference between 
Millero et al.'s 1.000 mo!·kg- 1 f3s value and Grzybowski 
and Atkinson's 1.000 mol. kg-l 135 value was approxi­
mately 2.0x 10-6 MPa- 1 

, which was also significantly 
greater than 2x 10-8 MPa- I

• In any case, the largest dif­
ference of the isentropic compressibilities calculated 
from the speed-of-sound measurements from those cal-
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culated from the present equation was only 3%. This is an 
acceptable level of agreement. The value of the apparent 
molar isentropic compressibility for infinite dilution, K¥,s, 
for 298.15 K and 0.1 MPa calculated from the fitted equa­
tion, -38.4 m3·mol- I·MPa- 1 was in reasonable agree­
ment with the literature values of - 40.7 
m3·mol-1·MPa-t,47 -41.8 m3omol- 1·MPa-\29 -42.8 
m3·mol- I·MPa - 1, 48 the literature values being uncertain 
by 2 to 3 m3·mol-l·MPa-l.29 

4.2.2. Activity and Thermal Properties 

A list of the solute and solvent activity, enthalpy of di­
lution and beat-capacity data sets considered for the 
present work is given in Table 4. A significant portion of 
the available data was excluded from the final least 
squares fit. Most of these sets were excluded because of 
incompatibilities with the remainder of the data sets. 

It has not been possible to create an accurate and re­
versible sodium metal electrode for use in aqueous sys­
tems and thus the most reliably measured solute activity 
coefficients for N aBr( aq) were those obtained by means 
of bromide concentration cells. Concentration-ceH mea­
surements yield thc ratio of activity coefficients of two so­
lutions, one for each concentration. Concentration-cell 
results were thus stored in the data base as the ratio of 
the two activity coefficients, "Ii"!I. The logarithm of 'Y2i"{1 
was treated in the least-squares procedure as the differ­
ence in the logarithms of the activity coefficients for the 
two molalities. Harned's50 and Harned and Crawford's51 
measurements appeared to be the most accurate of these 
results. Tanner and Lamb71 reported differences of the 
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FIG. 4. The isentropic compressihility calculated from the fitted equation com­
pared with ahat estimated from measurements of line speed of sound in 
NaJBr(aq) for 298.15 K and O.! MPa. 
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concentration dependence of their measured heat capac~ 
ities from values calculated from the second temperature 
derivative of Harned and Crawford's activity coefficients. 
This discrepancy was large enough to cause difficulties in 
fitting to the thermal data for the present work. The fol­
lowing procedure was used to determine which of these 
two data sets was in error. The 0.1 MPa Cp, • of Tanner 
and Lamb were fitted with an equation which repre­
sented their results with an r.m.s. difference of 1.3 
J·K-1·mol-1

• Values of Cp,. were interpolated for the 

temperatures and molalities of the 17.5 MPa Cp, ... results 
reported by White et aZ.72 These two sets of values were 
differenced to obtain a set of ACp • • ( obs.) for the pressure 
change of 0.1 to 17.5 MPa. The volumetric results de­
scribed above were fitted with only the pressure depen­
dent parameters of Eqs. (34-38). From this fit the 
ACp, .( calc.) corresponding to the ACp • • ( obs.) were calcu­
lated as: 

f
P1 

(iiV ) IlCp, .(calc.) = - T W dp. 
P2 P 

(42) 

TABLE 4. Literature sources for the activity and thermal properties of NaBr(aq) 

Ref. 

49 
SO 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
70 
70 
71 
27 
72 
73 
73 
73 
74 
74 

Temperature 
Range 
(K) 

298.15 
298.15 

273.15 - 313.15 
298.15 
Tfus 
Ttus 

298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 

293.4 - 353.15 
272.7 - 356.9 

423.15 - 573.15 
298.15 
298.15 
298.15 
298.15 
303.15 
373.15 
423.15 
473.15 
298.15 
298.15 

278.15 - 358.15 
306.15 - 350.30 
400.92 - 500.9 
551.90 - 602.74 
283.15 - 323.75 
283.15 - 373.15 

Pressure 
RangeR 
(MPa) 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.5 
1.6 
0.1 
0.1 
0.1 

17.0 - 17.5 
17.0 - 17.5 
17.0 - 17.5 

Molality 
Range n . Typeb 

(mol'kg- 1) 

0.03 - 3.02 9 In(Y:z!)'l) 
0.2 - 4.0 9 In( 'Y2i'Yl) 
0.2 - 4.0 108 In{-Y2i'Yl) 

0.005 - 0.2 6 In{-y±) 
0.003 - 1.20 31 tJ.fusT 

0.03 - 1.47 26 Il.fusT 
0.12 - 3.99 33 ~ 

ms 1 ~ 
2.8 - 8.9 16 ~ 
3.0 - 9.17 14 ~ 
1.9 - 4.2 5 cI> 
2.7 - 5.4 5 cI> 
0.1 - 9.13 23 ps-pw 

ms 6 ps-pw 
2.0 -7.0 46 ps-pw 

0.72 - 8.69 32 ps-pw 
0.0002 - 0.1 35 ~iJL", 
0.0017 - 9.004 9 Il.diJL", 

0.9 - 1.5 23 Il.diJL", 
0.15 - 3.0 10 Il.diJL", 
0.26 -1.08 7 ~i1L", 
0.03 - 8.0 8 Il.diJL", 
0.03 - 8.0 11 ~iJL", 
0.03 - 8.0 9 ~iJL", 
0.05 - 1.0 7 Cp,,,, 

0.028 -1.0 17 Cp ,,,, 

0.09 -7.6 40 Cp,,,, 

0.05 - 3.0 66 cp,s/cp,w 

0.05 - 3.0 72 cp,s/cp,w 

0.05 - 3.0 59 Cp ,5!cP ,W 
18 Pdl:c 

ms 13 ps- pw 

a - indicates that the pressures for the data set changed with the experimental conditions. 

u 
U 
0.02 
U 
d 

d 

0.006 
0.010 
U 
0.006 
0.003 
0.003 
U 
U 
cI> 
U 
0.004 
0.030 
0,002 
0.030 
0.005 
0.010 - 0.020 
0.020 - 0.030 
0.030 
0.012 
0.004 
0.006 - 0.003 

0.013 
m 

O'fit 

0.0074 
0.0065 
0.0086 
0.016 
0.0045" 
0.00341: 
0.00361: 
0.017c 

0.017" 
0.0027e 

0.003OC 
0.0029" 
0.052e 

0.046c 

O.OO64e 

0.067c 

0.00511 

0.01911 

0.000711 

0.02311 

0.00511 

0.02311 

0.02811 

0.07811 

0.0044l1 
0.0017h 

0.0018i 

0.0079h 

U.OOtS5h 

O.l1CJk 
0.0171 

0.021e 

b The symbolps-pw. refers to the difference in vapor pressure between solution and solvent,Pdcc is the vapor pressure of water in equilibrium with 
NaBr·2H20. 

" The letter U indicates that these points were given an insignificant weight in the least-squares procedure. 
d Values of O'exp were calculated as the uncertainty in osmotic coefficient due to an uncertainty of 0.003 K for Ref. 53, or the uncertainties given 

for Ref. 54, respectively, or 0.003, whichever was larger. 
C (J'j in terms of osmotic coefficient. 
f Values of O'exp were calculated as the uncertainty in osmotic coefficeint due to an uncertainty of 3 x 10-6 MPa or 0.005, whichever was larger 
11 Units are kJ·mol- l • 

h Units are kJ·K-1·mol- 1. 
i Units are kJ·K-l·mol- l. These values were assigned weighting factors based on 0.3 of O'exp. 

j Values of O'exp were calculated from the uncertainties given in Ref. 73; these values vary with temperature and molality, O'fit are given in terms of 
apparent molar heat capacity, kJ·K-1·mol-1. 

k Units are kJ·K-l·mol- l • The three values for 577.87 K and 0.0498 mol'kg- 1 were not included in the fit or in (J'fit. 

I Units are kPa. 
m The vapor pressures of saturated solutions at 10 K intervals, and at 298.15 K, were taken from Ref. 74. Iterations were performed to arrive at 

a set of saturation molalities corresponding to these temperatures. Values of O'exp were calculated from Ref. 74's estimated uncertainties of pres­
sure of 0.013 kPa for T:::: 348.15 K and 0.13 kPa for T > 348.15 K. The weighted r.m.s. deviation for this data set was 1.3 . 
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FIG. 5. Difference between the experimentally observed change in apparent molar 
heat capacity for a 17.5 MPa change in pressure and that calculated form an 
equation fined to [he experimental volumeuic resulls. The lines are the error 
estimates of White et aZ. 

Figure 5 shows that the calculated pressure dependence 
of Cp, <p agreed with the experimentally observed behavior 
within the estimated uncertainties of the White et al. re­
sults, at least for molalities greater than 0.5 molokg- 1

• 

White et al. measured the ratio of heat capacity of solu­
tion to that of water in their mass-flow calorimeter, 
whereas Tanner and Lamb measured the heat-capacity 
ratio of two batch calorimeters (vapor space corrections 
baving been applied). In order for the experimental !l.Cp• q, 

to have agreed as wen as it did with the llCp, <p calculated 
from the volumetric fit, either the systematic errors in 
both sets of heat-capacity results were smaller than ± 2 to 
3 J. K -1'mol-1 9 or the systematic errors from these two dif­
ferent calorimeters agreed within ±2 to 3 J'K -l'mol- t 

and thus cancelled each other in the subtraction. Because 
the latter of these two choices seemed the more unlikely, 
the heat capacity data were treated as though they had 
the experimental uncertainties estimated by the authors 
and the data of Harned,50 and Harned and Douglas49 

were given an im:ignifkant weight in the fit to the data. 
The O"exp for Harned and Crawford's In( 'YzI"/l) values was 
given a value 0.02. Figure 6 shows the systematic differ­
ence between the globally fitted equation and the 
4.0 mol'kg- 1 activity coefficient results of Harned and 
Crawford vs. temperature. This difference is seen to be 
not unrealistically large in both the figure and in the 
r.m.s. deviation from the fitted equation, as given in 
Table 4. The experimental results of Lebed et al.52 were 
obviously inaccurate and given an insignificant weight nn 
the least-squares process. 

Vahlies of ~he solveFQt actRvHy coeffident for the 
presendy considered resuhs consisted! of measuFemenfLs 

of the freezing-point depression, solvent vapor pressure, 
and isopiestic molalities. Values of the osmotic coeff1-
cient were calculated from the freezing-point depression, 
dfus T, as: 75 

<\>= 
(

!1fusH O LlfusT + Blfl.fusT2 Cl~fusT3 + Dd1fusT4) 
RTl 2 + 3 4 

----"-----v-m-M-
1 
------- (43) 

where 

Craft and Van Hook75 give IlfusHo = - 600K J·mo! I, ro 
-37.7514 J-K-1vmol- t

, f'1 ;;;,.. O.22478~ JoK "UiOr-
1 n'2 -

1.45867 x 10-5 J·K-3·moll- 1• Osmotic coefficients were 
calculated from the difference nn vapor pressure between 
the solution and the sonvennt a~: 7(, 

(45) 

where the dlnfferencc in cilcmicl! potentia]s for the vapor 
and the Iiquid at Hw kmpcratufc and pressure of the so­
lution, G~, I, g - (G\~~. j, was calculated from the equation 
of state for water. Because the vapor pressure of the 50-

h.rdon can be several r-IilPa less than the vapor pressure of 
the solvent (c.g. T > 500 K), Ego (45) entailed the use of 
the of srMe for condiltions of T arndJ p substan-
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FIG. 6. Comparison of values of the activity coefficient calculated from the fitted 
equation and the values of Harned and Owen for 4 mol'kg- 1 NaBr(aq) 
against temperature. 

For 623 K, the values of the properties of water corre­
sponding to pressures for some of the NaBr solutions 
measured by Mashovets et al.64 could not be calculated 
with Hill's· equation of state. 

Osmotic co~ffid~llts fur Rubinsull's5S isupit:stic mulali­
ties of NaBr(aq) and KC1(aq) and Covington et al.'ss9 
isopiestic molalities of NaBr(aq) and KCl(aq) were calcu­
lated by means of Hamer and WU'S77 equation for 
KCI(aq). 

Osmotic coefficients for NaCI(aq), the reference solute 
for Covin~ton et al. 's, and Kirgintsev and Luk'yanov's60 
isopiestic molalities, were calculated from Clarke and 
Glew's78 equation for NaCI(aq). Osmotic coefficients for 
Penciner and Marcus,s7 isopiestic molalities of NaBr(aq) 
and CaCh(aq) were calculated by means of an equation 
for CaCh(aq) reported by Garvin et al.79 Penciner and 
Marcus' results were given an insignificant weight in the 
least-squares procedure because their results showed a 
systematic negative bias from the other osmotic coeffi­
cient results. The value of the activity of water for a sat­
urated solution of NaBr for 298.15 K, 0.557 ±O.OOl, given 
by Stokes and Robinson was used as given. Their uncer­
tainty for the activity of water for the saturated solution 
corresponded to an uncertainty of ± 0.01 in the osmotic 
coefficient. 

Figure 7 shows the differences between the osmotic co­
efficients calculated from the freezing-point depressions 
and the fitted equation. There was a small systematic dif­
ference between the results of Damkohler and Weinzerl54 

and those of Scatchard and Prentiss.s3 This difference 
was approximately the size of the difference of 
Robinson'sss and Covington et al.'s59 osmotic coefficients 
from the fitted equation, for the same molalities. Figure 

J. Phys. Chern. Ref. Data, Vol. 20, No.3, 1991 

8 shows the agreement between the fitted equation and 
the 273.15 and 298.15 K osmotic coefficients. Because of 
the differences of the freezing point measurements from 
the 298.15 K results, it is obvious that there will exist sys­
tematic uifferenc~s between the present equation and 
those based on results for only a single particular temper­
ature, e.g. the equation of Hamer and Wu for NaBr(aq). 
The residuals for Pearce et al.'s61 observations for large 
molality extended beyond the upper limit of the figure 
and approached 0.09 for a molality of 9.0 mol·kg-1

• 

Pearce's results were given no si~nificant weight in the fit. 
Figure 9 shows a comparison of osmotic coefficients ca]­
culated from the vapor-pressure measurements of J akli 
and Van Hook.63 They estimated that values of <f> calcu­
lated trom their measurements would be accurate to ap­
proximately ± 0.01 to ± 0.02. Mashovets et al. 64 measured 
the vapor pressure of NaBr solutions for temperatures 
from 423 to 623 K. These values were also given no signif­
icant weight in the determination of the fitted equation. 
Osmotic coefficients calculated from their results showed 
some qnalitative agreement with the fitted equation for 
molalities larger than 2-3 mol·kg- 1 (Fig. 10). 

The enthalpies of dilution of Hammerschmid and 
Robinson,65 Wallace,66 Wood et al.,68 and Vaslow,67 for 
298.15 K and 0.1 MPa, as well as the results of Leung and 
Miller069 for 303.15 K and 0.1 MPa were all fitted with 
acceptable r.m.s. deviations. The differences between the 
fitted equation and Mayrath and Wood's enthalpies of di­
lution for 373 to 473 K, showed r.m.s. deviations approx­
imately 2.5 times larger than the uncertainties estimated 
in their work. However, these differences were small 
when compared to the magnitude of L + (Fig. 11). 
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FIG. 9. Comparison of the osmotic coefficients calculated from Jakli and Van 
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present equation. 

Figures 12-15 show the residuals of Cp, ciI, from 278 to 
602.7 K for the results of Tanner and Lamb,72 and values 
calculated from the cpo s/cP. w of White et al.73 Residuals 
that were systematically biased 2 to 4 times larger than 
White et al.'s expected uncertainties were found for the 
577 K data set. There also existed poorer precision in the 
577 K results than for temperatures either greater or 
lesser than 577 K, which suggested the possibility of an 
experimental difficulty in this particular isothermal data 
set. The flexibility of the cubic-spline fitting method, used 
by White et al. in their fitting to these results, is such that 
a greater uncertainty of this one isothermal set of mea­
surements, in a region where Cpo ciI was changing rapidly 
with temperature, might not have been immediately visi­
ble. Figure 15 shows a comparison of the Cpo + calculated 
from the results of White et al., along with values calcu­
lated from the fitted equation. for 1.003 mol·kg- 1

• It is 
seen that the difference between the observed values, in­
cluding those for 577 K, and the fitted function is not 
great compared to the value of Cp, +. 

4.2.3. Solubilities of NaBr'2H20(cr) and NaBr(cr) 

Till this point no experimental results have been de­
scribed that enabled determination of the two Gibbs en­
ergies of solution and the molar entropy of the dihydrate 
listed in Table 2. In principle, the representations of the 
experimental results described to this point, when com­
bined with the appropriate reference-temperature Gibbs 
energies of formation and the standard entropies for each 
of the species, should be sufficient to calculate the solu­
bilities of the anhydrous and dihydrate solid phases of 

J. Phys. Chern. Ref. Data, Vol. 20, No.3, 1991 

N aBr as a function of temperature and pressure. Figure 
16 shows some of the solubility values given by Linke,so 
and Eddy and Menzies,s1 the latter values having not 
been included in Linke's compilation. The pressures for 
these measurements were either 0.1 MPa or the satura­
tion vapor pressure. Values of the solubility calculated 
from combination of a preliminary representation of the 
previously described results and the formation properties 
of Wagman et al.82 are also shown in the figure. It is seen 
that this combination of values did not provide very accu­
rate calculation of the solubilities. (It is observed that the 
"Key Values" of Cox et al.17 should not be used in combi­
nation with the Wagman et al. values for other species, 
e.g. NaBr(cr), for the purpose of equilibrium calcula­
tions. This is because the values for the thermodynamic 
properties of the species in Ref. 82, which were subse­
quently revised in Ref. 17. were used in the determina­
tion of many of Ref. 82's other species, most of which 
were calculated from equilibrium observations, such as 
solubility measurements.) 

In some of the preliminary data representations the 
difference of the calculated solubilities from the observed 
values were significantly greater for NaBr(cr) than for 
NaBr-2H20(cr) , near the 0.1 MPa triple-point tempera­
ture. This observation implied that it was probably not 
the solution-property representation which was causing 
the observed discrepancy with experiment. It was also ob­
served that for the dihydrate solubility, the calculated 
temperature dependence of the solubility was in error, 
whereas for the anhydrous solute there was a nearly tem­
perature-independent difference between the observed 
and calculated values. Examination of the equations 



THERMODYNAMIC PROPERTIES OF THE NaBr + H20 SYSTEM 

1.5 

1.3 

o 

1. 1 
o 

O. 9 

00000423. 15 K 
00000 473. 15 K 
"'4"''''''' 523. 15 K 

O. 7 

00000573. 15 K 

O. 5 
o 2 4 6 8 10 

/ mo I kg -1 
m 

FIG. 10. Values of the osmotic coefficient from 423.15 to 573.15 K and values of 
the osmotic coefficients calculated from the vapor-pressure measure­
ments of Mashovets et aZ. 

25 

20 

7 
15 

0 
~ 

~ 10 
~ 

""-.. 

.....:l 

0 

-5 
0 

472. 95 K 

1 

423·~1 

37~ 

2 

( m / rno 1 kg -1) 1/2 

FIG. 11. Comparison of fitted equation with the enthalpy of dilution values of 
Mayrath and Wood. The enthalpy of dilution values have heen plotted 
as described previollsly.')(' 

527 



528 DONALD G. ARCHER 

O. 03 

.......... 

O. 02 

* 0 

cd 
i 

0 0 
0.01 * 

* 
~ S 

c. 
i D 

** t * a 
~ O. 00 

~ 
'"":l 

~ • 
* fI.l -0.01 • 

,.c 
0 --. • ~ 

D 
O. 02 

• 
-0. 03 

O. 0 1.0 2. 0 3. 0 

(m / mo 1 kg -1) 1/2 

***** Tanner & Lamb, 278. 15 K 
00000 Tanne r & Lamb, 298.15 K 
aaaoo Tanner & Lamb, 318.15 K 
AAAlH!;. Tanne r & Lamb, 338.15 K 
00000 Tanne r & Lamb, 358.15 K 
***** Whi t e et al. 306.15 K 
***** Whi t e et al. 324.41 K 
••••• Whi t e et al. 350. 30 K 
-- (Jexp 

FIG. 12. Residual plot for the fitted heat-capacity measurements for 278.15 to 350.30 K. 

O. 10 

O. 08 
.......... 

O. 06 ***** Whi t e et al. 400 - 405 K 
aaooc Whi t e et al. 450.4 K 
AAAAA Whi t e et al. 500. 9 K 

0 -- (Jexp 500.9 K 
j' O. 04 

cd 
C) 0 O. 02 -- S * . !!Se 

C. 
j' A~ 

t.) -0. 00 
~ "'6 

* 
~ 

~A 

~ 
-0. 02 Ii 

fI.l -0. 04 
..0 
0 

~ -0. 06 
C. 

D -0. 08 

-0. 10 
O. 0 1.0 2.0 3. 0 

(m / mo 1 kg-I) 1/2 

FIG. 13. Residual plot for the fitted heat-capacity measurements for 400 to 501 K. 

J. Phys. Chem. Ref. Data, Vol. 20, No.3, 1991 



THERMODYNAMIC PROPERTIES OF THE NaBr + H20 SYSTEM 529 

0.50 

'-...,. * ** * * Wh it e et al. 551. 9 K 
00000 Whi t e et al. 577.9 K 
00000 Wh it e et al. 602.7 K 

0.30 -- O'e:p 602. 7 K 
C) 

t a:i 
I' 

C) 
0 0 

-; E o. 10 ~ 0; 
u i 

~ 
~ ; 

~ 

= 
.. 

~ * :I< f3 8 
~ "' 

0 
-0. 10 

0 
t'Il 
.0 0 

0 0 

--- § ... 0 

~ -0.30 
U 0 

t 
0 
0 

-0. 50 
o. 0 1.0 2. 0 3.0 

(m / rno 1 kg -1) 1/2 

FIG. 14. Residual plot for the fitted heat-capacity measurements for 552 to 603 K. 

given above for the dependence of the Gibbs energy of 
solution on temperature indicated: 1) for the former case, 
the entropy of the dihydrate phase from Ref. 82 may have 
been slightly in error; 2) in the latter case, the Gibbs en­
ergy of formation of the anhydrous solid phase from Ref. 
82 may be in error. 

A potential source of these errors can be supposed. In 
the remainder of this section it is to be realized that the 
Gibbs energy of formation and/or enthalpy of formation 
and/or entropy of NaBr(aq) were required for the calcu­
lations. For brevity this will not be explicitly stated for 
each case. Wagman et al.'s82 value for the 298.15 K en­
tropy of the dihydrate phase apparently was obtained 
from a value for the 298.15 K Gibbs energy of solution for 
the dihydrate and the value for the enthalpy of solution 
of the dihydrate recommended by Parker.83 This Gibbs 
energy of solution required knowledge of the solute activ­
ity coefficient of NaBr(aq), the osmotic coefficient and 
the saturation molality. The present work indicated that 
the changes in the solvent activity coefficient sufficient to 
adjust the solid phase entropy to a value consistent with 
the temperature dependence of the solubility results 
were not acceptable in terms of the accuracy of the avail­
able measurements. This left the choice of the value for 
the enthalpy of solution as a possible source of error for 
the dihydrate entropy. 

Wagman et al.'s value for the Gibbs energy of form,l­
tion for the anhydrous crystalline phase, for 298.]5 K :'Wt! 

0.1 lVIPa, apparently was obtained from combnn<:1\i\i()IIT 0 1, 

Gardner and Taylor's6 value of the 298.15 K entropy with 
Parker's recommended value for the enthalpy of solution 
of the anhydrous solid. An uncertainty of 1.1 J. K -l'mol- I 

in the 298.15 K entropy for NaBr was required to adjust 
the Gibbs energy of formation to a value which provided 
reasonably accurate solubilities. The agreement of tlw 
enthalpy-drop measurements with the heat-capacity mea­
surements, and the agreement of heat capacities or other 
substances with the work of others, discussed in Sec. 2, 
implied that such a large error in thc molar I.:ntrop), was 

unlikely. Thus, it appeared that the error ill (,ihhs energy 
of formation of the anhydrous phase may have ~l risen in 
Parker's recommendation ofWaHacc's('h V:tl!ll~ for the en­

thalpy of solution of NaBr( cr) as the '"lwst" value. 
In order to obtain more reliahle V;dlh:S for t he thermo­

dynamic properties for formation tlr thl' two solid phases, 
solubility measurements from 2:')3.15 K to 523.15 K were 
incorporated in the Icast-sqll:!res procedure and the two 
Gibbs energies of solution :Illd tht.' 298.15 K molar en­
tropy of the dihydrate W\,""l~ also included as adjustable 
parameters in till..'° glohal data fit The solubility measure­
ments were given sufficient weight to ensure an accurate 
represcni;ltioil. ThL agrl'cmeni of fitted equation and sol­
ubility from ~:5() !'I 520 K is shown in Fig. 17. The solubil­
ity of NaHr, for temperatures near the upper limits of 
thosl.' dcpickd in K;ig. 17, was outside the region of con­
e( ntrat ~on gencraHy accepted as being within the limits of 
applico5hiEi)l of ahe llon-linteraction equation used in the 

work. Addi1:io1l1!any~ for the combination of large 
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solubility and large temperature for NaBr(aq), the value 
of the solute activity coefficient becomes small, and the 
calculated solubilities become very susceptible to small 
uncertainties in the small activity coefficient. Thus the 
agreement for 400 to 500 K was considered to be very sat­
isfactory. The 298.15 K Gibbs energies and enthalpies of 
formation for NaBr( cr) and NaBr-2H20( cr), given in 
Table 5, were calculated from the parameters given in 
Table 2 and the values of Cox et al.17 for flfHr;,. and Sfm 
for NaBr(aq), H20 and the elements. 

The 298.15 K, 0.1 MPa standard-state enthalpies of so­
lution calculated from the present work are given in 
Table 6. Aliso given nn this table are the recommended 
values from Parker,83 as wen as some of the values calcu­
lated from enthalpies of solution reported in the litera­
ture. (Values prior to the change of the century have not 
been tabulated.) The literature values for anhydrous 
NaBr range from -0.2 to -1.0 kJ·mo!-l. This Barge 
range of experimental value suggests the possibility of 
systematic error sources nn the measurements; thus these 
results were not included in the ieast-squares procedure. 
The enthalpy of solution for the anhydrous phase ob­
tained from the values given by Lalillge and! Diillrr84 and by 
Rabinovkh85 were both nn reasonablie agreemelilli WH[h the 
value obtanned from due gilobaR fit. The :remainnng vaJues 

were all less exothermic than the present value. Lange 
and DUff inadvertently compared their measured en­
thalpy of solution to a value of the partial molar enthalpy 
of solution given by Wiist and Lange,87 and so missed the 
opportunity to comment on the significant difference be­
tween their value and the ea.rlier measurements. The 
value from Samoilov91 for the dihydrate was slightly more 
endothermic than the present value, however, this agree­
ment was considered reasonable. The value recom­
mended by Parker was calculated from values given by 
Thomsen,92 and was less endothermic than the present 
value. 

The simplest explanatnon for the differences of most of 
the experimental values amongst themselves and from 
the present calculated values was incomplete stoichiome­
trry of the solid samples. II n other words, the NaBr( Clf) was 
not completely anhydrous, and the NaBro2H20 was not 
compHete]y hydrated. The values of the two calculated en­
thalpies of solution indicate: 1) at not-completely-anhy­
drous sarnp!c of thc NaBr(cr) would exhibit an observed 
enthaJpy of solution ]ess exothermic than the true value; 
and 2) a no~-compjetely-hydratedl sample of NaBr-2H20 
would! exhibit an observed enthalpy of solution less en­
do,d'dcrmic thmil the true value. Th.ese two observations 
were nn agireemel!il~ wHh the differences from the present 
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TABLE 5. The Gibbs energy and enthalpy of formation of NaBr(cr) and 
NaBr-2HzO(cr) for 298.15 K and 0.1 MPa caculated from the 
least-squares estimated parameters.B 

Substance 

-348.79 -360.89 
-828.30 -952.30 

a Units are kJ·mol- l • 

calculated values of the experimental values from the lit­
erature and from Parker's83 recommended values. An es­
timate of the effect of incomplete stoichiometry can be 
made if an approximately additive effect for the waters of 
hydration is assumed. With this assumption, the error in 
the enthalpy of solution for 0.5% water content (by 
weight) in the NaBr(cr) sample was estimated to be 
aproximately 300 J·mol- 1• This value is approximately the 
size of the difference between Parker's recommended 
value for NaBr(cr) and that calculated from the globally 
fitted equations for NaBr + H20. It is also observed that, 
for 298.15 K, the equilibrium vapor pressure of water 
over the dihydrate is approximately one third of the vapor 
pressure of pure water. This vapor pressure may have 
caused difficulty in maintaining either the anhydrous or 
the hydrated phase samples in their completely hydrated 
or completely dehydrated states. 

Of course, alternative explanations for the discrepan­
cies of the solubility calculated from Wagman et al.'s 
thermodynamic properties as well as the discrepancy of 
the 298.15 K AsoIH::' calculated from the fitted parameters 
and the experimental values were possible. One of these 
explanations was that the values of the 298.15 K thermo­
dynamic properties of N aBr( aq}, given in Refs. 82 and 17, 
were both significantly in error. This explanation seemed 
the more unlikely, if only because there existed at least 
some explanation as to how these values were obtained in 

Ref. 17, and because these results were obtained on an 
individual-ion basis. Additionally, the possibility remains 
that substantial errors in the isopiestic molality determi­
nations for 298.15 K, 0.1 MPa and molalities greater than 
4 mol·kg- 1

• Neither of these possibilities could be elimi­
nated from consideration in the present work. 

5. NaBr·2H20(cr) = NaBr(cr) + 2H20(g) 

The vapor pressure of water above NaBr'2H20( cr) pro­
vides another source of quantitative information regard­
ing the Gibbs energies of formation for NaBr(cr} and 
NaBr'2H20( cr}. The vapor pressure results of Dinge­
manns,74 from 283.15 to 323.75 K, were also included in 
the least-squares procedure. Fig. 18 shows the difference 
between the decomposition pressures reported by Be1l93 

and by Dingemans and that calculated from Eq. (33). 
Also shown are values given by Bronsted and Peterson,98 
Schoorl,99 Flood;oo and Jensen and Lannung.99 The 
agreement with Dingemans' results is within twice his 
stated uncetainty of 0.013 kPa, for all temperatures. 

Agreement with Flood's value is within his stated un­
certainty of 0.007 kPa. Also shown in the figure are values 
of the decomposition pressure calculated from values of 
the Gibbs energies of formation and the molar entropies 
reported by Wagman et al.82 and the heat capacities of 
water and the solid phases reported here. Values of the 
decomposition pressure from Watelle-Marion et al.9S 

were not considered because their vapor-pressure CUlVe 
for the saturated solution did not intersect the decompo­
sition pressure CUlVe near 323 K. Extrapolation of their 
equations for the respective vapor pressures gave 366 K 
as the intersection temperature, a value significantly dif­
ferent from the triple point reported for the solubility 
measurements and for Dingemans' vapor-pressure mea­
surements. 

TABLE 6. The enthalpy of solution of NaHr( cr) and NaHr'2HzU(cr) tor 298.15 K and U.1 MPa." 

Substance 

NaBr 

NaBr·2HzO 

Il.so1H;" 
calculated from the 

least-squares parameters 

-0.86 

18.9 

B Units are kJ·mol- 1• 
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Il.so1H;" 
"recommended" 
value of Ref. 83 

-0.602 ± 0.063 

18.636 ± 0.21 

Il.soI H;" 
literature values 

-1.023 
-1.026 
-0.657 
-0.623 
-0.606 
-0.603 
-0.573 
-0.55 
-0.22 

19.1 

Ref. 

84 
85 
86 
87 
93 
66 
88 
90 
89 

91 
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6. Estimation of Uncertainty 
and Calculated Values 

It is nearly impossible to reliably estimate the uncer­
tainty in calculated values for a system such as the 
present, for which so many of the experimental measure­
ments were found to be inconsistent with each other. Un­
certainty in the osmotic coefficients for 298.15 K, 0.1 MPa 
and for molalities less than 5 mol·kg- 1 is probably 
± 0.005; for molalities between 5 and 9 mol'kg- 1 the un­
certainty is approximately ± 0.01 to 0.02. The probable 
uncertainty in activity coefficients for 298.15 K, 0.1 MPa, 
and for molalities less than 5 mol-kg- l is ±O.Ol; for mo­
lalities between 5 and 9 mol'kg- l

, it is approximately 
± 0.02 to 0.03. Because the enthalpy of dilution and heat­
capacity results were in good agreement, the changes in 
activity and osmotic coefficients with respect to tempera­
ture were fairly well characterized. Thus, the uncertain­
ties in osmotic and activity coefficients should not be 
expected to increase by more than a factor of two from 
the values for 298.15 K, for temperatures less than 500 K. 
For temperatures above 500 K, the ability to integrate the 
osmotic and activity coefficients for molalities greater 
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than 5 mol'kg- 1 decreased because the heat-capacity re­
sults for this temperature range extended only to 3 
mol·kg-I, the concentration dependence of the integra­
tion is less well-defined with heat-capacity results than 
with enthalpy-of-dilution results (this is true even for 
298.15 K 97), and the activity and osmotic coefficients 
changed more rapidly with temperature and pressure. 
The uncertainties in osmotic coefficient and logarithm of 
the activity coefficient for 575 - 600 K might be expected 
to be as large as 0.02 0.1, dependent upon concentra­
tion and pressure. 

The uncertainties in apparent molar volumes and den­
sities were essentially those from the following investiga­
tors for the respective temperature, pressure and 
concentration regions: Gibson and Loeffler35,36 for 298.15 
- 358.15 K, 0.1-100 MPa7 and 0 - 9 mol'kg- 1; twice the 
uncertainty given by Majer at al.41 for 358.15 - 575 K7PW 

- 50 MPa, and 0 - 3 mol-kg- 1
; Baxter and WaIlace32 for 

273.15 -298.15,0.1 MPa, and 0 - 9 mol·kg- l
• In temper­

ature and pressure regions outside of these, a smooth 
transition from these uncertainties to those of Egorov et 
al.37 was expected. As temperature decreases from 298.15 
K and for pressures increasing from ambient, the 
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uncertainty in apparent molar volumes and in the 
changes of Gibbs energy, enthalpy, entropy and heat ca­
pacity with respect to pressure might become large, be­
cause of the lack of thermodynamic results for this region 
of T andp. 

Because the total number of properties which can be 
calculated from the present equations is so large, no at­
tempt was made to generate tables of all properties for 
the present work. Tables for a very few selected proper­
ties appear at the end of this paper. These calculated 
properties for NaBr(aq) are: the change in standard-state 
molar Gibbs energy and molar enthalpy from the values 
for Tr and pr, standard-state molar entropy, activity coef­
ficient, osmotic coefficient, apparent molar volume, and 
density of solvent and solution. 

Note added in proof: Recently, Majer et al. (Y. Majer, 
L. Hui, R. Crovetto, R. H. Wood, J. Chern. Thermody­
namics, 23, 301 (1991).) have reported values of ps - pw 
for NaBr(aq) from 604.'1 to 725.5 K and from 0.005 to 3.0 
mO}'kg- 1

: Values of ps-Pw calculated from the present 
equations for 604.4 K agree with their results within their 
experimental precision. for molalities less than 0.1 
mol'kg- 1 and for their three pressures. For molalities 
greater than 0.1 mol·kg- 1 for 604.4 K, and their three 
pressures, the present equations provide values of VIjI that 
have a r.m.s. deviation of 2.8 cm3·mol-1• For these same 
conditions, values of ps - Pw calculated from the present 
equations are an average of 1.4 percent larger than their 
results. This difference in ps - Pw corresponds to differ­
ences of 0.02, 0.1, 0.17 and 0.4 percent in solution density 
for molalities of 0.1, 0.5, 1.0 and 3.0 mol·kg- 1

, respec­
tively. This difference in ps - Pw, for molalities greater 
than 0.1 mol'kg- 1

, is about a factor of three larger than 
the absolute accuracy of the calibration of the instrument 
for lower temperatures for NaCI(aq) and so the present 
level of agreement can be considered an acceptable veri­
fication of the present equation. 
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Appendix 

Table A-I. The calculated standard-state molar Gibbs energy of NaBr(aq), relative to 298.15 K and 0.1 MPa, G~2 - G~2, Tr,Pr' Units are kJ'mol- 1 

T/K pa 0.1 MPa/Pw 10MPa 25 MPa 50MPa 75MPa 100 MPa 

273.15 0.1 3.655 3.866 4.194 4.762 5.353 5.965 
278.15 0.1 2.897 3.117 3.457 4.042 4.649 5.273 
283.15 0.1 2.156 2.382 2.732 3.332 3.951 4.586 
288.15 0.1 1.427 1.659 2.017 2.628 3.258 3.903 
293.15 0.1 0.709 0.945 1.310 1.931 2.569 3.222 
298.15 0.1 0.000 0.240 0.610 1.239 1.885 2.545 
303.15 0.1 -0.701 -0.458 -0.084 0.552 1.204 1.869 
308.15 0.1 -1.396 -1.150 -0.773 -0.131 0.526 1.196 
313.15 0.1 -2.084 -1.837 -1.456 -0.810 -0.149 0.525 
318.15 0.1 -2.767 -2.518 -2.136 -1.485 -0.821 -0.144 
323.15 0.1 -3.444 -3.195 -2.811 -2.158 -1.491 -0.812 
328.15 0.1 -4.117 -3.866 -3.481 -2.827 -2.158 -1.477 
333.15 0.1 -4.785 -4.534 -4.148 -3.493 -2.823 -2.141 
338.15 0.1 5.448 5.197 4.812 4.156 - 3.486 -2.803 
343.15 0.1 -6.106 -5.856 -5.471 -4.816 -4.146 -3.463 
348.15 0.1 -6.760 -6.511 -6.127 -5.473 -4.803 -4.121 
353.15 0.1 -7.410 -7.161 -6.778 -6.126 -5.458 -4.777 
358.15 0.1 -8.054 -7.807 -7.426 -6.776 6.111 5.431 
363.15 0.1 -8.694 -8.449 -8.070 -7.423 -6.760 -6.082 
368.15 0.1 -9.329 -9.086 -8.710 -8.067 -7.407 -6.732 
373.15 0.1 -9.960 -9.718 -9.346 -8.707 -8.051 -7.379 
383.15 0.1 -11.203 -10.969 -10.604 -9.976 -9.329 -8.665 
393.15 0.2 -12.425 -12.199 -11.844 -11.230 -10.594 -9.939 
398.15 0.2 -13.027 -12.806 -12.456 -11.851 -11.221 -10.572 
403.15 0.3 -13.623 -13.407 -13.064 -12.467 -11.845 -11.202 
413.15 0.4 -14.796 -14.592 -14.263 -13.686 -13.080 -12.451 
423.15 0.5 -15.941 -15.751 -15.439 -14.885 -14.299 -13.687 
433.15 0.6 -17.056 -16.883 -16.590 -16.064 -15.500 -14.907 
443.15 0.8 -18.137 -17.984 -17.714 -17.219 -16.682 -16.110 
448.15 0.9 -18.665 -18.522 -18.265 -17.788 -17.265 -16.705 
453.15 1.0 -19.183 -19.051 -18.808 -18.351 -17.842 -17.295 
463.15 1.3 -20.189 -20.082 -19.870 -19.455 -18.981 -18.462 
473.15 1.6 -21.152 -21.072 -20.897 -20.531 -20.096 -19.608 
498.15 2.5 -23.334 -23.336 -23.285 -23.078 -22.765 -22.375 
523.15 4.0 -25.116 -25.211 -25.354 -25.382 -25.238 -24.979 
548.15 5.9 -26.350 -26.524 -26.991 -27.376 -27.472 -27.389 
573.15 8.6 -26.786 -26.925 -28.008 -28.966 -29.407 -29.562 
598.15 12.0 -25.943 -28.059 -30.019 -30.963 -31.436 

aColumn gives the pressure for values of G~. 2 - G~ 2, T t • Pr in the 0.1 MPa/pw column. 

Table A-2. The calculated standard-state molar enthalpy of NaBr(aq), relative to 298.15 K and 0.1 MPa, H~,2 - H~. 2, Tr.Pr' Units are kJ'mol- 1 

T/K pa 0.1 MPa/pw 10MPa 25 MPa 50MPa 75 MPa 100 MPa 

273.15 0.1 3.517 3.214 2.820 2.319 1.983 1.783 
278.15 0.1 2.525 2.325 2.071 1.769 1.596 1.531 
283.15 0.1 1.722 1.601 1.456 1.309 1.265 1.307 
288.15 0.1 1.055 0.998 0.941 0.920 0.981 1.110 
293.15 0.1 0.490 0.485 0.500 0.584 0.733 0.936 
298.15 0.1 0.000 0.039 0.116 0.289 0.512 0.779 
303.15 0.1 -0.434 -0.357 -0.227 0.024 0.313 0.634 
308.15 0.1 -0.828 -0.717 -0.539 -0.220 0.128 0.499 
313.15 0.1 -1.190 -1.049 -0.829 -0.447 -0.047 0.370 
318.15 0.1 -1.531 -1.362 -1.103 -0.664 -0.215 0.243 
323.15 0.1 -1.858 -1.663 -1.367 -0.875 -0.380 0.117 
328.15 0.1 -2.174 -1.955 -1.625 -1.082 -0.544 -0.011 
333.15 0.1 -2.486 -2.243 -1.881 -1.289 -0.710 -0.141 
338.15 0.1 -2.797 -2.531 -2.137 -1.498 -0.879 -0.277 
343.15 0.1 -3.109 -2.821 -2.395 -1.711 -1.054 -0.418 
348.15 0.1 -3.427 -3.116 -2.660 -1.931 -1.234 -0.566 
353.15 0.1 -3.751 -3.418 -2.931 -2.157 -1.423 -0.722 
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Table A-2. The calculated standard-state moUar enthalpy of NaBr(aq), relative to 298.15 K and 0.1 MPa, H~,2 - H~. 2, Tr.Pr' Units are 
kj'mol- 1 Continued 

T/K pa 0.1 MPa/pw 10 MPa 25 MPa 50 MPa 75 MPa 100 I'IiPa 

358.15 0.1 -4.085 -3.729 -3.211 -2.392 -1.620 -0.887 
363.15 0.1 -4.430 -4.051 -3.501 -2.637 -1.827 -1.062 
368.15 0.1 -4.788 -4.385 -3.803 -2.892 -2.044 -1.247 

373.15 0.1 -5.160 -4.734 -4.118 -3.160 -2.272 -1.442 
383.15 0.1 -5.954 -5.478 -4.791 -3.734 -2.765 -1.868 
393.15 0.2 -6.826 -6.295 -5.531 -4.367 -3.311 -2.343 
398.15 0.2 -7.295 -6.735 -5.929 -4.707 -3.605 -2.600 
403.15 0.3 -7.789 -7.198 -6.348 -5.065 -3.915 -2.870 
413.15 0.4 -8.857 -8.199 -7.251 -5.835 -4.582 -3.455 
423.15 0.5 -10.048 -9.314 -8.252 -6.687 -5.318 -4.100 
433.15 0.6 -11.379 -10.558 -9.364 -7.627 -6.128 -4.809 
443.15 0.8 -12.873 -11.953 -10.603 -8.666 -7.019 -5.588 
448.15 0.9 -13.689 -12.714 -IL275 -9.225 -7.497 -6.004 
453.15 1.0 -14.556 -13.522 -B.985 -9.814- -7.998 -6.440 
463.1.5 1.3 -1G.4(iO -15.295 -13.532 -11.086 -9.074 -7.371 

473.15 1.6 -18.625 -17.307 -15.269 -12.495 -10.256 -8.388 
498.15 2.5 -25.526 -23.716 -20.662 16.744 13.752 11.357 
523.15 4.0 -35.592 - 33.106 -28.170 -22.348 -18.209 -15.058 
523.15 4.0 -35.592 -33.106 -28.170 -22.348 18.209 15.058 

548.15 5.9 -51.202 -47.972 -39.094 -29.893 -23.962 -19.717 
573.15 8.6 -77.880 -75.168 -56.055 -40.302 -31.513 -25.713 
598.15 12.0 -132.295 -85.088 -54.896 -41.679 -33.932 

a Column gives the pressure for values of H:;',2 - H:;', 2. T,.Pr in the 0.1 MPa / p.., column 

Table A-3. The calculated standard-state entropy, Sf,m, of NaBr(aq). Units are kj'K-1'mol- 1 

T/K pa 0.1 MPa/pw 10 MPa 25 MPa 50 MPa 75 MPa 100 MPa 

273.15 0.1 0.153 0.152 0.149 0.145 0.142 0.139 
278.15 0.1 0.150 0.148 0.146 0.143 0.140 0.138 
283.15 0.1 0.147 0.146 0.144 0.141 0.139 0.137 
288.15 0.1 0.145 0.144 0.142 0.140 0.138 0.136 
293.15 0.1 0.143 0.142 0.141 0.139 0.137 0.136 
298.15 0.1 0.141 0.140 0.139 0.138 0.136 0.135 
303.15 0.1 0.140 0.139 0.138 0.137 0.136 0.135 
308.15 0.1 0.138 0.138 0.137 0.136 0.135 0.134 
313.15 0.1 0.137 0.137 0.136 0.135 0.135 0.134 
318.15 0.1 0.136 0.136 0.135 0,135 0.134 O.LB 
323.15 0.1 0.135 0.135 0.135 0.134 0.134 n.i.:H 
328.15 0.1 0.134 0.134 0.134 0.133 0.133 (1.1::;] 

333.15 0.1 0.133 0.133 0.133 0.133 0.133 0.1.12 
338.15 0.1 0.132 0.132 0.132 0.132 0.132 U.D2 
343.15 0.1 0.131 0.131 0.131 0.132 0,]32 nTH 
348.15 0.1 0.130 0.131 0.131 0.131 0.13] O.Di 
353.15 0.1 0.129 0.130 0.130 0.130 {lBO n.Ui 
358.15 0.1 0.128 0.129 0.129 0.130 v.u:;o 0.130 
363.15 0.1 0.128 0.128 0.128 0.129 O.fiLS :I.UO 
368.15 0.1 0.127 0.127 0.128 0.128 (!i. R2') 0.129 
373.15 0.1 0.126 0.126 0.127 0.128 o. L!.:~· 0.129 
383.15 0.1 0.123 0.124 0.125 0.126 o. L:'"!· 0.127 
393.15 0.2 0.121 0.122 0.123 0.124 {i. I :_:, 0.126 
398.15 0.2 0.120 0.121 0.122 0.124 il.J.::') O.~26 

403.15 0.3 0.119 0.120 0.121 0.123 ~ L ~ ~. ~ 0.125 
413.15 0.4 0.116 O.B7 0.119 O.i21 (i. L~.~ 0.124 
423.15 0.5 0.113 0.115 0.116 D. I ~ () OT2:l 0.122 
433.15 0.6 0.110 0.112 0.114 O. ~ 17 (Ii ~ II) 0.120 
443.15 0° • 0 0.107 0.108 0.1H o. ~ Ii . ~7 0.119 
448.15 0.9 0.105 0.107 0.109 {Ui~ 0.116 0.118 
453.15 1.0 0.103 (UOS 0.108 (U ~2 O. h i.4 0.H7 
463.15 1.3 0.099 0.101 O.W4 O.WO O.P2 0.115 
473.15 1.6 0.094 0.097 (UOl O.j(;{ O.HO: 0.113 
498.15 2.5 0.080 (f~084 (:~ .. i}9~:; G<~02 0.107 
523.15 4.0 O.06C 0.065 {LG7:.: O.G94· 0.099 

Jj, PY"uY$, efru@!i'ii1lo ~@1, iDl~~al> <;IrP~, 2@~ ~~Ql, ~~ 'u991 
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Tabl~ A-3. The calculated standard-stat~ ~ntTUpy, Sf. m, uf NaBr(aq). Units are U'K-l'mul- 1 
- Culltiuu~d 

TIK pB 0.1 MPa/pw 10MPa 25 MPa 50MPa 75 MPa 100 MPa 

548.15 5.9 0.031 0.038 0.055 0.072 0.083 0.091 
573.15 8.6 -0.016 -0.011 0.024 0.054 0.070 0.080 
598.15 12.0 -0.108 -0.025 0.029 0.052 0.066 

a Column gives the pressure for values of the standard-state entropy in the 0.1 MPa I pw column. 

Table A-4. The calculated activity coefficient, "/±, of NaBr(aq) 

m I mol'kg- 1 

T/K plMPa 0.1 0.25 0.5 1.0 2.0 4.0 6.0 8.0 

273.15 0.1 0.788 0.733 0.696 0.670 0.685 0.837 1.118 1.546 
278.15 0.1 0.789 0.736 0.701 0.679 0.701 0.867 1.162 1.597 
283.15 0.1 0.789 0.737 0.704 0.686 0.714 0.892 1.199 1.641 
2R!U5 0.1 0.78() 0.738 0.707 0.692 0.725 0.913 1.230 1.677 
293.15 0.1 0.789 0.739 0.709 0.696 0.733 0.931 1.255 1.706 
298.15 0.1 0.788 0.738 0.709 0.699 0.740 0.945 1.276 1.728 
303.15 0.1 0.787 0.738 0.710 0.701 0.746 0.956 1.292 1.743 
308.15 0.1 0.786 0.737 0.709 0.702 0.750 0.965 1.303 1.753 
313.15 0.1 0.784 0.736 0.709 0.703 0.752 0.971 1.311 1.757 
318.15 0.1 0.783 0.734 0.708 0.702 0.754 0.975 1.315 1.756 
323.15 0.1 0.781 0.732 0.706 0.702 0.754 0.977 1.316 1.751 
328.15 0.1 0.779 0.730 0.704 0.700 0.754 0.978 1.315 1.742 
333.15 0.1 0.777 0.728 0.702 0.698 0.752 0.976 1.310 1.729 
338.15 0.1 0.775 0.725 0.699 0.696 0.750 0.973 1.303 1.713 
343.15 0.1 0.773 0.723 0.696 0.693 0.748 0.969 1.294 1.693 
348.15 0.1 0.770 0.720 0.693 0.690 0.744 0.963 1.283 1.671 
353.15 0.1 0.768 0.717 0.690 0.687 0.740 0.956 1.269 1.647 
358.15 0.1 0.765 0.714 0.687 0.683 0.736 0.949 1.255 1.621 
363.15 0.1 0.763 0.711 0.683 0.678 0.730 0.940 1.239 1.592 
368.15 0.1 0.760 0.707 0.679 0.674 0.725 0.930 1.221 1.562 
373.15 0.1 0.757 0.704 0.675 0.669 0.719 0.919 1.202 1.531 
383.15 0.1 0.751 0.696 0.666 0.659 0.705 0.896 1.161 1.465 
393.15 0.2 0.745 0.688 0.657 0.648 0.690 0.869 1.117 1.396 
398.15 0.2 0.741 0.684 0.652 0.642 0.682 0.856 1.094 1.360 
403.15 0.3 0.738 0.680 0.647 0.636 0.674 0.841 1.071 1.324 
413.15 0.4 0.731 0.671 0.636 0.623 0.657 0.811 1.022 1.251 
423.15 0.5 0.723 0.661 0.625 0.609 0.638 0.779 0.972 1.178 
433.15 0.6 0.715 0.651 0.613 0.595 0.619 0.747 0.920 1.104 
443.15 0.8 0.707 0.641 0.601 0.580 0.598 0.713 0.869 1.032 
448.15 0.9 0.703 0.635 0.595 0.572 0.588 0.696 0.843 0.996 
453.15 1.0 0.698 0.630 0.588 0.564 0.577 0.678 0.817 0.960 
463.15 1.3 0.689 0.618 0.574 0.548 0.555 0.643 0.765 0.890 
473.15 1.6 0.680 0.606 0.560 0.530 0.533 0.607 0.713 0.821 
498.15 2.5 0.653 0.573 0.522 0.485 0.474 0.517 0.587 0.659 
523.15 4.0 0.621 0.535 0.479 0.434 0.411 0.426 0.466 0.510 
.:548.1.:5 .:5.9 0 . .:584 0.491 0.429 0.378 0.344 0.336 0.3.:53 0.376 
573.15 8.6 0.537 0.437 0.370 0.315 0.273 0.249 0.249 0.260 
598.15 12.0 0.474 0.367 0.299 0.242 0.197 0.166 0.158 0.162 

273.15 lU.O 0.790 0.736 0.699 0.675 0.692 0.847 1.128 1.549 
278.15 10.0 0.790 0.738 0.704 0.684 0.707 0.876 1.172 1.602 
283.15 10.0 0.791 0.740 0.707 0.691 0.720 0.901 1.208 1.647 
288.15 10.0 0.790 0.740 0.710 0.696 0.730 0.922 1.239 1.684 
293.15 10.0 0.790 0.741 0.711 0.700 0.739 0.939 1.265 1.713 
298.15 10.0 0.789 0.740 0.712 0.703 0.745 0.953 1.285 1.736 
303.15 10.0 0.788 0.740 0.712 0.705 0.750 0.964 1.301 1.752 
308.15 10.0 0.787 0.739 0.712 0.706 0.754 0.972 1.313 1.763 
313.15 10.0 0.786 0.738 0.711 0.706 0.757 0.978 1.320 1.768 
318.15 10.0 0.784 0.736 0.710 0.706 0.758 0.982 1.325 1.768 
323.15 10.0 0.782 0.734 0.708 0.705 0.759 0.984 1.326 1.763 
328.15 10.0 0.780 0.732 0.707 0.703 0.758 0.985 1.324 1.754 
333.15 10.0 0.778 0.730 0.704 0.702 0.757 0.983 1.320 1.742 
338.15 10.0 0.776 0.727 0.702 0.699 0.755 0.980 1.313 1.726 
343.15 10.0 0.774 0.725 0.699 0.697 0.752 0.976 1.304 1.707 

.• DhuCl ~h ....... Def n.,.t.,. \1 ... 1 .,n IU ... -a 1001 
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Table A-4. The calculated activity coefficient, 'Y ±, of NaBr( aq) - Continued 

m I mol'kg- 1 

T/K plMPa 0.1 0.25 0.5 1.0 2.0 4.0 6.0 8.0 

348.15 10.0 0.772 0.722 0.696 0.693 0.749 0.970 1.293 1.686 
353.15 10.0 0.769 0.719 0.693 0.690 0.745 0.964 1.280 1.662 
358.15 10.0 0.767 0.716 0.689 0.686 0.740 0.956 1.266 1.636 
363.15 10.0 0.764 0.713 0.686 0.682 0.735 0.947 1.250 1.609 
368.15 10.0 0.762 0.710 0.682 0.678 0.730 0.938 1.233 1.579 
373.15 10.0 0.759 0.706 0.678 0.673 0.724 0.927 1.214 1.548 
383.15 10.0 0.753 0.699 0.669 0.663 0.710 0.904 1.174 1.483 
393.15 10.0 0.747 0.691 0.660 0.652 0.696 0.878 1.130 1.415 
398.15 10.0 0.743 0.687 0.655 0.646 0.688 0.864 1.108 1.379 
403.15 10.0 0.740 0.682 0.650 0.640 0.680 0.850 1.084 1.344 
413.15 10.0 0.733 0.674 0.640 0.627 0.663 0.820 1.036 1.272 
423.15 10.0 0.726 0.664 0.629 0.614 0.644 0.789 0.986 1.199 
433.15 10.0 0.718 0.655 0.617 0.600 0.625 0.757 0.936 1.126 
443.15 10.0 0.710 0.645 0.605 0.585 0.605 0.723 0.884 1.054 
448.15 10.0 0.706 0.639 0.599 0.577 0.595 0.706 0.859 1.018 

453.15 10.0 0.702 0.634 0.593 0.570 0.585 0.689 0.833 0.983 
463.15 10.0 0.693 0.623 0.579 0.553 0.563 0.654 0.781 0.913 
473.15 10.0 0.683 0.611 0.566 0.537 0.541 0.619 0.730 0.845 
498.15 10.0 0.657 0.579 0.528 0.492 0.482 0.529 0.603 0.681 

523.15 10.0 0.626 0.541 0.485 0.442 0.419 0.438 0.481 0.530 
548.15 10.0 0.589 0.497 0.435 0.385 0.351 0.346 0.365 0.391 
573.15 10.0 0.539 0.440 0.374 0.318 0.277 0.253 0.254 0.266 

273.15 25.0 0.792 0.739 0.704 0.682 0.702 0.862 1.144 1.554 
278.15 25.0 0.793 0.741 0.708 0.690 0.717 0.890 1.186 1.609 
283.15 25.0 0.793 0.743 0.712 0.697 0.729 0.914 1.222 1.655 
288.15 25.0 0.792 0.743 0.714 0.701 0.738 0.934 1.253 1.693 
293.15 25.0 0.792 0.744 0.715 0.705 0.746 0.950 1.278 1.724 
298.15 25.0 0.791 0.743 0.716 0.708 0.753 0.964 1.298 1.748 
303.15 25.0 0.790 0.743 0.716 0.710 0.757 0.974 1.314 1.765 
308.15 25.0 0.789 0.742 0.716 0.711 0.761 0.983 1.326 1.777 
313.15 25.0 0.788 0.740 0.715 0.711 0.763 0.989 1.334 1.783 
318.15 25.0 0.786 0.739 0.714 0.710 0.765 0.992 1.339 1.783 
323.15 25.0 0.784 0.737 0.712 0.710 0.765 0.994 1.340 1.780 
328.15 25.0 0.782 0.735 0.710 0.708 0.765 0.995 1.338 1.772 
333.15 25.0 0.781 0.733 0.708 0.706 0.763 0.993 1.334 1.760 
338.15 25.0 0.778 0.730 0.706 0.704 0.761 0.990 1.328 1.746 
343.15 25.0 0.776 0.728 0.703 0.701 0.759 0.986 1.319 1.728 
348.15 25.0 0.774 0.725 0.700 0.698 0.755 0.981 1.308 1.707 
353.15 25.0 0.772 0.722 0.697 0.695 0.751 0.974 1.296 1.684 
358.15 25.0 0.769 0.719 0.693 0.691 0.747 0.967 1.282 1.659 
363.15 25.0 0.767 0.716 0.690 0.687 0.742 0.958 1.266 1.632 
368.15 25.0 0.764 0.713 0.686 0.683 0.736 0.949 1.249 I.W) 

373.15 25.0 0.761 0.709 0.682 0.678 0.731 0.938 1.231 1.573 
383.15 25.0 0.756 0.702 0.674 0.668 0.718 0.916 1.192 1.509 
393.15 25.0 0.750 0.695 0.665 0.658 0.703 0.890 1.149 1.442 
398.15 25.0 0.746 0.691 0.660 0.652 0.696 0.817 Li27 1.40K 

403.15 25.0 0.743 0.687 0.655 0.646 0.688 0.863 1.104 1.373 
413.15 25.0 0.737 0.678 0.645 0.634 0.671 0.834 1.057 1.302 
423.15 25.0 0.730 0.669 0.635 0.621 0.654 0.804 1.OOg 1.231 
433.15 25.0 0.722 0.660 0.624 0.607 0.635 0.772 11.9,)\) 1.159 

443.15 25.0 0.715 0.650 0.612 0.593 0.616 0.740 O.9()<) 1.088 
448.15 25.0 0.711 0.645 0.606 0.586 0.606 0.723 ().x~n 1.053 
453.15 25.0 0.706 0.640 0.600 0.578 0.596 0.706 O.X5X 1.019 
463.15 25.0 0.698 0.629 0.587 0.563 0.575 0.673 o.gOX 0.950 
473.15 25.0 0.689 0.618 0.574 0.547 0.554 O.63X O.75X 0.883 
498.15 25.0 0.665 0.588 0.539 0.504 0.498 0.552 0.635 0.723 
523.15 25.0 0.637 0.554 0.499 0.458 0.439 O.4M 0.516 0.576 
548.15 25.0 0.604 0.515 0.455 0.407 0.376 (U77 0.405 0.442 
573.15 25.0 0.564 0.467 0.403 0.349 0.310 0.292 0.301 0.323 
598.15 25.0 0.512 0.408 0.340 0.284 0.239 0.209 0.206 0.220 

273.15 50.0 0.796 0.745 0.712 0.693 O.7IX 0.886 1.167 1.560 
278.15 50.0 0.796 0.747 0.716 0.701 G.731 0.912 1.209 1.618 
283.15 50.0 0.796 0.748 0.719 0.706 0.742 0.934 1.244 1.666 
288.15 50.0 0.796 0.748 0.720 0.7]] O.75li 0.953 ],.274 1.707 
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Table A-4. The calculated activity coefficient, 'Y±, of NaBr(aq) - Continued 

m I mol'kg- 1 

T/K plMPa 0.1 0.25 0.5 1.0 2.0 4.0 6.0 8.0 

293.15 50.0 0.795 0.748 0.722 0.714 0.758 0.968 1.299 1.740 
298.15 50.0 0.794 0.748 0.722 0.716 0.764 0.981 1.319 1.765 
303.15 50.0 0.793 0.747 0.722 0.718 0.769 0.991 1.335 1.785 
308.15 50.0 0.792 0.746 0.722 0.718 0.772 0.999 1.347 1.798 
313.15 50.0 0.791 0.745 0.721 0.719 0.774 1.005 1.355 1.805 
318.15 50.0 0.789 0.743 0.719 0.718 0.775 1.008 1.360 1.807 
323.15 50.0 0.788 0.742 0.718 0.717 0.775 1.010 1.361 1.805 
328.15 50.0 0.786 0.740 0.716 0.716 0.775 1.010 1.360 1.799 
333.15 50.0 0.784 0.737 0.714 0.714 0.773 1.009 1.356 1.789 
338.15 50.0 0.782 0.735 0.711 0.711 0.771 1.006 1.350 1.775 
343.15 50.0 0.780 0.733 0.709 0.709 0.769 1.002 1.342 1.758 
348.15 50.0 0.778 0.730 0.706 0.706 0.765 0.997 1.332 1.739 
353.15 50.0 0.775 0.727 0.703 0.702 0.762 0.991 1.320 1.717 
358.15 50.0 0.773 0.724 0.700 0.699 0.757 0.983 1.306 1.693 
363.15 50.0 0.771 0.721 0.696 0.695 0.752 0.975 1.291 1.667 
368.15 50.0 0.768 0.718 0.692 0.691 0.747 0.966 1.275 1.640 
373.15 50.0 0.765 0.715 0.689 0.686 0.742 0.956 1.258 1.611 
383.15 50.0 0.760 0.708 0.681 0.677 0.729 0.934 1.220 1.549 
393.15 50.0 0.754 0.701 0.672 0.667 0.715 0.910 1.178 1.485 
398.15 50.0 0.751 0.697 0.667 0.661 0.708 0.897 1.157 1.451 
403.15 50.0 0.748 0.693 0.663 0.655 0.700 0.883 1.135 1.417 
413.15 50.0 0.742 0.685 0.653 0.644 0.684 0.855 1.089 1.348 
423.15 50.0 0.735 0.676 0.643 0.631 0.668 0.826 1.042 1.279 
433.15 50.0 0.728 0.668 0.633 0.618 0.650 0.795 0.994 1.210 
443.15 50.0 0.721 0.658 0.622 0.605 0.631 0.764 0.945 1.141 
448.15 50.0 0.717 0.654 0.616 0.598 0.622 0.748 0.921 1.107 
453.15 50.0 0.714 0.649 0.610 0.591 0.612 0.732 0.897 1.073 
463.15 50.0 0.706 0.639 0.599 0.577 0.593 0.700 0.848 1.007 
473.15 50.0 0.698 0.629 0.586 0.562 0.573 0.667 0.800 0.942 
498.15 50.0 0.676 0.601 0.554 0.522 0.520 0.584 0.681 0.787 
523.15 50.0 0.651 0.571 0.519 0.480 0.466 0.502 0.568 0.644 
548.15 50.0 0.623 0.537 0.480 0.435 0.409 0.420 0.461 0.516 
573.15 50.0 0.591 0.498 0.436 0.386 0.350 0.341 0.362 0.402 
598.15 50.0 0.552 0.453 0.387 0.332 0.290 0.266 0.274 0.307 

273.15 75.0 0.799 0.750 0.719 0.704 0.734 0.907 1.189 1.564 
278.15 75.0 0.799 0.752 0.723 0.710 0.745 0.932 1.229 1.624 
283.15 75.0 0.799 0.753 0.725 0.715 0.755 0.953 1.264 1.675 
2~tt15 75.U O.71J9 0.753 0.727 0.719 0.763 0.970 1.294 1.718 

293.15 75.0 0.798 0.753 0.728 0.722 0.770 0.985 1.318 1.753 
298.15 75.0 0.797 0.752 0.728 0.724 0.775 0.997 1.338 1.780 
303.15 75.0 0.796 0.752 0.728 0.725 0.779 1.007 1.354 1.801 
308.15 75.0 0.795 0.750 0.727 0.726 U.7~2 1.014 1.366 1.816 

313.15 75.0 0.794 0.749 0.726 0.726 0.784 1.020 1.374 1.825 
318.15 75.0 0.792 0.748 0.725 0.725 0.785 1.023 1.379 1.829 
323.15 75.0 0.791 0.746 0.723 0.724 0.785 1.025 1.381 1.828 
328.15 75.0 0.789 0.744 0.721 0.723 0.784 1.025 1.380 1.823 

333.15 75.0 0.787 0.742 0.719 0.721 0.783 1.023 1.376 1.814 
338.15 75.0 0.785 0.739 0.717 0.718 0.781 1.021 1.371 1.802 
343.15 75.0 0.783 0.737 0.714 0.716 0.778 1.017 1.363 1.786 
348.15 75.0 0.781 0.734 0.711 0.713 0.775 1.012 1.353 1.768 
353.15 75.0 0.779 0.732 0.708 0.710 0.771 1.005 1.342 1.747 
358.15 75.0 0.776 0.729 0.705 0.706 0.767 0.998 1.329 1.724 
363.15 75.0 0.774 0.726 0.702 0.702 0.762 0.990 1.314 1.700 
368.15 75.0 0.772 0.723 0.698 0.698 0.757 0.981 1.298 1.673 
373.15 75.0 0.769 0.720 0.695 0.694 0.752 0.972 1.281 1.645 
383.15 75.0 0.764 0.713 0.687 0.685 0.739 0.950 1.245 1.586 
393.15 75.0 0.758 0.706 0.679 0.675 0.726 0.927 1.205 1.523 
398.15 75.0 0.755 0.702 0.674 0.669 0.719 0.914 1.184 1.490 
403.15 75.0 0.752 0.699 0.670 0.664 0.712 0.901 1.162 1.457 
413.15 75.0 0.746 0.691 0.661 0.653 0.696 0.874 1.118 1.391 
423.15 75.0 0.740 0.683 0.651 0.641 0.680 0.846 1.072 1.323 
433.15 75.0 0.734 0.674 0.641 0.628 0.663 0.816 1.025 1.256 
443.15 75.0 0.727 0.666 0.630 0.615 0.645 0.786 0.978 1.189 
448.15 75.0 0.723 0.661 0.625 0.609 0.636 0.771 0.955 1.156 
453.15 75.0 0.720 0.657 0.620 0.602 0.627 0.755 0.931 1.123 
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Table A-4. The calculated activity coefficient, 'Y:!:, of NaBr(aq) - Continued 

m I mol·kg- l 

T/K plMPa 0.1 0.25 0.5 1.0 2.0 4.0 6.0 8.0 

463.15 75.0 0.712 0.647 0.608 0.588 0.608 0.724 0_884 1.058 
473.15 75.0 0.705 0.638 0_597 0.574 0.589 0.692 0.837 0.995 
498.15 75.0 0.685 0.612 0.567 0.537 0.540 0.613 0.722 0.844 

523.15 75.0 0.662 0.584 0.534 0.498 0.488 0.534 0.612 0.705 
548.15 75.0 0.637 0.554 0.499 0.456 0.435 0.456 0.509 0.581 
573.15 75.0 0.609 0.520 0.460 0.412 0.381 0.381 0.413 0.471 
598.15 75.0 0.577 0.481 0.418 0.365 0.325 0.308 0.328 0.380 

273.15 100.0 0.802 0.755 0.726 0.714- 0.748 0.928 1.208 1.566 
278.15 100.0 0.803 0.757 0.729 0.720 0.759 0.950 1.247 1.629 
283.15 100.0 0.802 0.757 0.731 0.724 0.768 0.970 1.282 1.682 
288.15 100.0 0.802 0.757 0.733 0.727 0.775 0.987 1.311 1.727 
293.15 100.0 0.801 0.757 0.733 0.730 0.781 1.001 1.335 1.764 
298.15 100.0 0.800 0.757 0.734 0.731 0.785 1.012 1.355 1.793 

303.15 100.0 0.799 0.756 0.733 0.732 0.789 1.021 1.371 1.816 
308.15 100.0 0.798 0.755 0.733 0.733 0.792 1.028 1.383 1.832 
313.15 100.0 0.797 0.753 0.732 0.733 0.793 L033 1.391 1.842 
318.15 100.0 0.795 0.752 0.730 0.732 0.7911 1.036 11..396 1.847 

323.15 100.0 0.794 0.750 0.729 0.731 0.794 1.038 1.398 1.848 
328.15 100.0 0.792 0.748 0.727 0.729 0.793 1.038 1.398 1.844 
333.15 100.0 0.790 0.746 0.724 0.727 0.792 1.037 1.395 1.836 
338.15 100.0 0.788 0.7"-1 0.722 0.725 0.789 1.031l 1.389 1.825 

343.15 100.0 0.786 0.741 0.719 0.722 0_787 uno 1.382 1.811 
348.15 100.0 0.784 0.739 0.717 0.719 0.784 1.025 1.372 1.794 
353.15 100.0 0.782 0.736 0.714 0.716 0.780 1.019 1.361 1.774 
358.15 100.0 0.780 0_733 0.711 0.713 0_776 U:n2 1.349 1.752 
363.15 100.0 0.777 0.730 0.707 0.709 0.771 1.004 1.335 1.729 
368.15 100.0 0.775 0.727 0.704 0.705 0.766 0_995 1.319 1.703 
373.15 100.0 0_773 0.724 0.700 0.701 0.761 0.986 1.303 1.676 
383.15 100.0 0.767 0.718 0.693 0.692 0.749 0.965 1.267 1.619 
393.15 100.0 0.762 0.711 0.685 0.682 0.736 0.942 1.228 1.558 
398.15 100.0 0.759 0.707 0.680 0.677 0.729 0.930 1.208 1.526 
403.15 100.0 0.756 0.704 0_676 0.672 0.722 0.917 1.187 1.494 
413.15 100.0 0.751 0.696 0.667 0.661 0.707 0.891 1.144 1.429 
423.15 100.0 0.745 0.689 0.658 0.649 0_691 0.864 1.099 1.363 
433.15 100.0 0.738 0.681 0.648 0.637 0.675 0.835 1.054 1.298 
443.15 100.0 0.732 0.672 0.638 0_625 0.658 0.806 1.008 1.232 
448.15 100.0 0.729 0.668 0.633 0.619 0.649 0.791 0.985 1.200 
453.15 100.0 0.725 0.664 0.628 0.612 0.640 0.776 0.962 1.168 
463.15 100.0 0.718 0.655 0.617 0.599 0.622 0.745 0.916 1.105 
473.15 100.0 0.711 0.646 0.606 0.585 0.604 0.715 0.870 1.043 
498.15 100.0 0.692 0.622 0.578 0.550 0.556 0.638 0.759 0.896 
523.15 100.0 0.671 0.596 0.547 0.513 0.507 0.561 [1.652 0.761 
548.15 100.0 0.649 0.568 0.514 0.474 GA57 0.486 0.551 0.639 
573.15 100.0 0.624 0.537 0.479 0.433 0.405 Q.41l4 0.458 0.533 
598.15 100.0 0.595 0.502 0.440 0.389 (J.})j U.343 lt~?73 0.445 

Table A-5. The calculated osmotic coefficient, $, of NaBIi(aq) 

m I moj'kg-! 

TIK. plMPa n.l 0.25 0.5 1.0 2_0 4.0 6.0 8.0 

273.15 0.1 0.937 0.927 0.926 0.937 0.988 1.150 2.343 1.541 
278.15 0.1 0.938 0.929 0.930 0.944 ).999 1.164 1.355 1.545 
283.15 \} r, 

• .!i. 0.938 0.931 0.933 0.949 Ui07 L176 1.364 1.548 
288.15 0.1 0.938 0_932 0.935 0.954 UH5 1.186 1.372 1.551 
293.15 0.1 0.939 0.933 0.937 0.957 1.021 Jl.19.:i~ 1.379 1.553 
298.15 0.1 0.939 0.933 0.938 0.960 HJ26 1.200 1.384 1.553 
303.15 0_1 0.938 0.934 0.939 0.963 1.031 Jl.206 1.388 1.553 
308.15 0.1 0.938 0.934- 0.940 0.965 1.034 1~21Jl 1.391 1.552 
313.15 Di.l u.938 D.934 O.9Li-l G.9'66 U)3:' ~l ~2IL~ 1.393 ~.550 
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T(J.( 

318.15 
323.15 
J:lI$.D 
333.15 
338.15 
343.15 
348.15 
353.15 
358.15 
363.15 
368.15 
373.15 
383.15 
393.15 
398.15 
403.15 
413.15 
423.15 
433.15 
443.15 
448.15 
453.15 
463.15 
473.15 
498.15 
523.15 
548.15 
573.15 
598.15 

273.15 
278.15 
283.15 
288.15 
293.15 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
353.15 
358.15 
363.15 
368.15 
373.15 
383.15 
393.15 
398.15 
403.15 
413.15 
423.15 
433.15 
443.15 
448.15 
453.15 
463.15 
473.15 
498.15 
523.15 
54R]S 

pI Mfa 

0.1 
0.1 
U.l 
0.1 
0.1 
0.1 
0.1 
0.1 
OJ. 
O.~ 

0.1 
0.1 
0.1 
0.2 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
0.9 
1.0 
1.3 
1.6 
2.5 
4.0 
5.9 
8.6 

12.0 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
W.U 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
HW 
10.0 
10.0 
10.0 
10.0 
WJ~: 

wn 
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0.1 

0.937 
0.937 
U.YJo 

0.936 
0.935 
0.934 
0.933 
0.932 
0.932 
0.931 
0.930 
0.929 
0.926 
0.924 
0.923 
0.921 
0.919 
0.916 
0.913 
0.909 
0.908 
0.906 
0.902 
0.898 
0.887 
0.873 
0.855 
0.831 
0.795 

0.938 
0.938 
0.939 
0.939 
0.939 
0.939 
0.939 
0.939 
U.93S 
0.938 
0.937 
0.937 
0.936 
0.935 
0.935 
0.934 
0.933 
0.932 
0.931 
0.930 
0.929 
0.927 
0.925 
0.924 
0.922 
0.920 
0.917 
0.914 
0.911 
0.909 
0.907 
0.904 
0.900 
0.889 
D.87.5 

0.25 

0.933 
0.933 
U.Yjj 

0.932 
0.931 
0.930 
0.930 
0.929 
0.928 
0.927 
0.925 
0.924 
0.921 
0.918 
0.917 
0.915 
0.912 
0.908 
0.904 
0.900 
0.897 
0.895 
0.890 
0.885 
0.870 
0.851 
0.828 
0.796 
0.750 

0.928 
0.930 
0.932 
0.933 
0.934 
0.934 
0.934 
0.935 
U.934 
0.934 
0.934 
0.933 
0.933 
0.932 
0.931 
0.930 
0.930 
0.929 
0.927 
0.926 
0.925 
0.922 
0.919 
0.918 
0.916 
0.913 
0.909 
0.905 
0.901 
0.899 
0.897 
0.R92 
0.887 
0.872 
0.854 

in / mol·kg- 1 

0.5 

0.941 
0.941 
O.94R 

0.940 
0.940 
0.939 
0.939 
0.938 
0.937 
0.935 
0.934 
0.933 
0.930 
0.926 
0.925 
0.923 
0.919 
0.914 
0.909 
0.904 
0.901 
0.898 
0.892 
0.886 
0.867 
0.845 
0.816 
0.779 
0.725 

0.928 
0.931 
0.934 
0.936 
0.938 
0.940 
0.941 
0.941 
u.942 
0.942 
0.942 
0.942 
0.941 
0.941 
0.940 
0.940 
0.939 
0.938 
0.937 
0.935 
0.934 
0.931 
0.928 
0.926 
0.924 
0.920 
0.916 
0.9H 
0.906 
0.903 
0.900 
0.895 
0.888 
0.870 
0.848 

1.0 

0.967 
0.968 
0.908 
0.969 
0.969 
0.968 
0.968 
0.967 
0.966 
0.965 
0.964 
0.962 
0.959 
0.955 
0.953 
O.95~ 

0.946 
0.940 
0.934 
0.928 
0.924-
0.921 
0.913 
0.905 
0.882 
0.853 
0.818 
0.773 
0.711 

0.940 

0.946 
0.95], 
0.955 
0.959 
0.962 
0.964 
0.966 
U.%7 
0.969 
0.969 
0.970 
0.970 
0.970 
0.970 
0.969 
0.968 
0.967 
0.966 
0.965 
0.964-
0.961 
0.957 
0.955 
0.952 
0.948 
0.942 
0.936 
0.930 
0.927 
0.923 
0.916 
0.908 
ii}.885 
0.857 

2.0 

1.039 
1.041 
1.042 

1.043 
1.044 
1.044 
1.043 
1.043 
1.042 
1.041 
],,039 
1.037 
1.033 
U)28 
U}25 
1.022 
1.0U) 
1.008 
1.000 
0.991 
0.986 
0.981 
0.971 
0.959 
0.927 
0.889 
0.842 
0.784 
0.709 

0.992 

1.002 
LOW 
UH7 
1.023 
U)28 
1.032 
1.036 
L03Y 
1.041 
1.043 
Hi44 
1.045 
1.045 
1.045 
1.045 
1.044 
1.043 
1.042 
1.041 
1.039 
U)35 
1.030 
1.027 
L02~l 

1.003 
0.994 
0.989 
D.984 
0.974 

4.0 

1.217 
1.219 
1.220 
1.220 
1.220 
1.2]9 
1.218 
1.217 
1.215 
1.212 
1.209 
1.206 
1.199 
U.90 
1.185 
1.180 
1.169 
JU57 
1.144 
1.]29 
1.122 
1.112, 
1.098 
1.081 
].033 
0.976 
0.910 
0.830 
0.732 

1.1:'53 

U.67 
1.178 
1.188 
1.196 
1.202 
1.208 
1.2li2 
L216 
1.218 
1.220 
1.221 
1\.222 
1.222 
1.221 
1.220 
1.218 
1.217 
1.214 
1.2U 
1.208 
1.201 
1.192 
1.188 
1.183 
1.172 
1.160 
1.147 
].133 

1.126 
1.11'9 
LHB 
1.086 

6.0 

1.394 
1.394 
1.393 
1.392 
1.390 
1.387 
1.384-
1.380 
1.376 
1.371 
1.366 
1.361 
1.349 
1.335 
1.328 
1.321 
1.305 
1.288 
1.270 
1.25i 
1.241 
1.231 
1.210 
1.188 
1.127 
1.059 
0.980 
0.889 
0.783 

1.343 

1.354 
1.364 
1.373 
1.379 
1.385 
1.389 
1.392 
H.3Y4 
1.395 
1.395 
1.395 
1.393 
ll.391 
1.389 
1.386 
1.382 
1.378 
1.374 
1.369 
1.363 
1.352 
1.338 
1.331 
1.324 
1.309 
1.292 
1.275 
1.256 
1.246 
1.237 
1.216 
]U9~· 

1.068 
C.989 

8.0 

1.548 
X.545 
1.541 

1.536 
1.531 
1.525 
1.519 
1.512 
1.505 
1,498 
1.490 
].481 
1.464 
1.445 
1.436 
1.426 
1.405 
1.383 
1.361 
1.338 
1.326 
1.314 
1.289 
1.264 
1.197 
1.123 
1.042 
0.953 
0.860 

1.535 
1.540 
1.544 
1.548 
1.550 
1.552 
1.552 
1.552 
ll.')')O 

1.548 
1.545 
1.541 
1.537 
1.532 
1.527 
1.521 
i.5li4 
1.507 
1.500 
1.492 
1.484 
1.467 
1.449 
1.440 
1.430 
1.410 
1.389 
1.367 
1.345 
1.333 
1.322 
1.298 
1.273 
1.207 



THERMODYNAMIC PROPERTIES OF THE NaBr + H20 SYSTEM 543 

Table A-5. The calculated osmotic coethcient, <1>, of NaBr(aq) - Continued 

m / mO)'kg- 1 

T/K p/MPa 0.1 0.25 0.5 1.0 2.0 4.0 6.0 8.0 

573.15 10.0 0.832 0.798 0.781 0.776 0.787 0.834 0.894 0.959 

273.15 25.0 0.939 0.930 0.930 0.944 0.997 1.158 1.342 1.525 
278.15 25.0 0.939 0.932 0.934 0.949 1.006 1.170 1.354 1.532 
283.15 25.0 0.940 0.933 0.936 0.954 1.014 1.181 1.364 1.538 
288.15 25.0 0.940 0.934 0.938 0.958 1.021 1.191 1.373 1.543 
293.15 25.0 0.940 0.935 0.940 0.961 1.026 1.198 1.380 1.547 
298.15 25.0 0.940 0.935 0.941 0.964 1.031 1.205 1.386 1.549 
303.15 25.0 0.940 0.936 0.942 0.966 1.035 1.210 1.390 1.550 
308.15 25.0 0.939 0.936 0.943 0.968 1.038 1.215 1.393 1.550 
313.15 25.0 0.939 0.936 0.943 0.969 1.041 1.218 1.395 1.550 
318.15 25.0 0.939 0.935 0.943 0.970 1.043 1.221 1.396 1.548 
323.15 25.0 0.938 0.935 0.943 0.971 1.045 1.222 1.397 1.545 
328.15 25.0 0.938 0.935 0.943 0.972 1.046 1.224 1.396 1.542 
333.15 25.0 0.937 0.934 0.943 0.972 1.047 1.224 1.395 1.538 
338.15 25.0 0.936 0.933 0.942 0.972 1.047 1.224 1.394 1.534 
343.15 25.0 0.936 0.933 0.942 0.971 1.047 1.224 1.391 1.529 
348.15 25.0 0.935 0.932 0.941 0.971 1.047 1.223 1.388 1.523 
353.15 25.0 0.934 0.931 0.940 0.970 1.047 1.221 1.385 1.517 
358.15 25.0 0.933 0.930 0.939 0.969 1.046 1.219 1.381 1.511 
363.15 25.0 0.932 0.929 0.938 0.968 1.045 1.217 1.377 1.504 
368.15 25.0 0.931 0.928 0.937 0.967 1.043 1.214 1.372 1.496 
373.15 25.0 0.930 0.926 0.936 0.966 1.042 1.211 1.367 1.489 
383.15 25.0 0.928 0.924 0.933 0.963 1.038 1.204 1.356 1.472 
393.15 25.0 0.926 0.921 0.930 0.959 1.033 1.196 1.343 1.455 
398.15 25.0 0.925 0.920 0.928 0.957 1.030 1.191 1.336 1.446 
403.15 25.0 0.924 0.918 0.926 0.955 1.027 1.187 1.329 1.437 
413.15 25.0 0.921 0.915 0.922 0.950 1.021 1.176 1.314 1.417 
423.15 25.0 0.918 0.911 0.918 0.945 1.014 1.165 1.298 1.397 
433.15 25.0 0.915 0.907 0.914 0.940 1.006 1.153 1.282 1.377 
443.15 25.0 0.912 0.903 0.909 0.934 0.998 1.139 1.264 1.355 
448.15 25.0 0.911 0.901 0.906 0.930 0.994 1.132 1.255 1.344 
453.15 25.0 0.909 0.899 0.904 0.927 0.989 1.125 1.245 1.333 
463.15 25.0 0.906 0.895 0.898 0.920 0.979 1.110 1.226 1.311 
473.15 25.0 0.902 0.890 0.892 0.913 0.969 1.094 1.206 1.287 
498.15 25.0 0.892 0.876 0.876 0.892 0.940 1.050 1.150 1.227 
523.15 25.0 0.880 0.860 0.856 0.866 0.905 0.999 1.088 1.162 
548.15 25.0 0.864 0.840 0.831 0.836 0.864 0.939 1.018 1.091 
573.15 25.0 0.845 0.814 0.800 0.798 0.814 0.868 0.938 1.016 
598.15 25.0 0.817 0.778 0.757 0.748 0.751 0.783 0.846 0.942 

273.15 50.0 0.940 0.933 0.934 0.949 1.005 1.164 1.340 1.509 
278.15 50.0 0.941 0.934 0.937 0.955 1.013 1.176 1.353 1.520 
283.15 50.0 0.941 0.936 0.940 0.959 1.020 1.186 1.364 1.52S 
288.15 50.0 0.941 0.937 0.941 0.962 1.026 1.195 1.373 1.535 
293.15 50.0 0.941 0.937 0.943 0.965 1.031 1.203 1.381 1.541 
298.15 50.0 0.941 0.937 0.944 0.968 1.036 1.209 1.387 1.544 
303.15 50.0 0.941 U.9J~ U.945 0.970 1.039 1.214 1.391 1.547 
308.15 50.0 0.941 0.938 0.945 0.971 1.042 1.218 1.395 1.548 
313.15 50.0 0.940 0.937 0.946 0.973 1.045 1.222 1.397 1.548 
318.15 50.0 0.940 0.937 0.946 0.973 1.047 1.224 1.399 1.547 
323.15 50.0 0.939 0.937 0.946 0.974 1.048 1.226 1.399 1.546 
328.15 50.0 0.939 0.936 0.946 0.974 1.050 1.227 1.399 1.543 
333.15 50.0 0.938 0.936 0.945 0.975 1.050 1.228 1.398 1.540 
338.15 50.0 0.938 0.935 0.945 0.975 1.051 1.221'{ 1.397 1.536 
343.15 50.0 0.937 0.934 0.944 0.974 1.051 1.227 1.395 1.532 
348.15 50.0 0.936 0.934 0.943 0.974 1.050 1.226 1.392 1.527 
353.15 50.0 0.935 0.933 0.943 0.973 1.050 1.225 1.389 1.521 
358.15 50.0 0.935 0.932 0.942 0.972 1.049 1.223 1.385 1.515 
363.15 50.0 0.934 0.931 0.941 0.971 1.048 1.221 1.381 1.509 
368.15 50.0 0.933 0.930 0.939 0.970 1.047 1.218 1.377 1.502 
373.15 50.0 0.932 0.928 0.938 0.969 1.045 1.216 1.372 1.495 
383.15 50.0 0.930 0.926 0.936 0.966 1.041 1.209 1.361 1.480 
393.15 50.0 0.928 0.923 0.932 0.962 1.037 1.201 1.350 1.463 
398.15 50.0 0.927 0.922 0.93] 0.961 lJ>34 1.197 1.343 1.455 
403.15 50.0 0.925 0.920 0.929 0.959 L032 1.192 1.337 1.446 
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Table A-5. The calculated osmotic coefficient, 4», of NaBr(aq) - Continued 

m I mol·kg- 1 

TIK plMPa 0.1 0.25 0.5 1.0 2.0 4.0 6.0 8.0 

413.15 50.0 0.923 0.917 0.925 0.954 1.026 1.183 1.323 1.428 
423.15 50.0 0.921 0.914 0.922 0.949 1.019 1.172 1.308 1.410 
433.15 50.0 0.918 0.911 0.917 0.944 1.012 1.160 1.292 1.390 
443.15 50.0 0.915 0.907 0.913 0.939 1.004 1.148 1.276 1.371 
448.15 50.0 0.914 0.905 0.910 0.936 1.000 1.142 1.267 1.361 
453.15 50.0 0.912 0.903 0.908 0.932 0.996 1.135 1.258 1.350 
463.15 50.0 0.909 0.899 0.903 0.926 0.987 1.121 1.240 1.330 
473.15 50.0 0.906 0.894 0.898 0.919 0.977 1.106 1.222 1.309 
498.15 50.0 0.896 0.882 0.883 0.900 0.951 1.066 1.171 1.255 
523.15 50.0 0.886 0.868 0.865 0.878 0.920 1.020 1.116 1.198 
548.15 50.0 0.873 0.851 0.845 0.852 0.884 0.967 1.056 1.141 
573.15 50.0 0.858 0.831 0.820 0.822 0.843 0.908 0.990 1.084 
598.15 50.0 0.838 0.805 0.789 0.785 0.795 0.839 0.920 1.041 

273.15 75.0 0.942 0.935 0.938 0.955 1.012 1.169 1.339 1.494 
278.15 75.0 0.942 0.937 0.941 0.959 1.019 1.181 1.352 1.508 
283.15 75.0 0.942 0.938 0.943 0.963 1.025 1.191 1.363 1.519 
288.15 75.0 0.943 0.939 0.944 0.966 1.031 1.199 1.373 1.528 
293.15 75.0 0-<)43 0.939 R946 0.969 1.036 1.2M 1.381 1.534 
298.15 75.0 0.942 0.939 0.947 0.971 1.040 1.212 1.387 1.540 
303.15 75.0 0.942 0.939 0.947 0.973 1.043 1.217 1.392 1.543 
308.15 75.0 0.942 0.939 0.948 0.974 1.046 1.221 1.396 1.546 
~n.15 75.0 0.942 0.939 0.94& 0.975 1.04& 1.225 1.398 1.547 
318.15 75.0 0.941 0.939 0.948 0.976 1.050 1.227 1.400 1.547 
323.15 75.0 0.941 0.939 0.948 0.977 1.052 1.229 1.401 1.546 
328.15 75.0 0.940 0.938 0.948 0.977 1.053 1.230 1.401 1.544 
333.15 75.0 0.940 0.938 0.947 0.977 1.053 1.231 1.401 1.541 
338.15 75.0 0.939 0.937 0.947 0.977 1.054 1.231 1.399 1.538 
343.15 75.0 0;938 0.936 0.946 0.977 1.054 1.230 1.398 1.534 
348.15 75.0 0.938 0.935 0.946 0.976 1.053 1.229 1.395 1.530 
353.15 75.0 0.937 0.934 0.945 0.976 1.053 1.228 1.392 1.525 
358.15 75.0 0.936 0.934 0.944 0.975 1.052 1.227 1.389 1.519 
363.15 75.0 0.935 0.933 0.943 0.974 1.051 1.224 1.385 1.513 
368.15 75.0 0.934 0.931 0.942 0.973 1.050 1.222 1.381 1.507 
373.15 75.0 0.933 0.930 0.941 0.972 1.048 1.219 1.377 1.500 
383.15 75.0 0.931 0.928 0.938 0.969 1.045 1.213 1.367 1.486 
393.15 75.0 0.929 0.925 0.935 0.965 1.041 1.206 1.355 1.471 
398.15 75.0 0.928 0.924 0.933 0.964 1.038 1.202 1.349 1.463 
403.15 75.0 0.927 0.923 0.932 0.962 1.036 1.197 1.343 1.455 
413.15 75.0 0.925 0.920 0.928 0.958 1.030 1.188 1.330 1.438 
423.15 75.0 0.922 0.917 0.925 0.953 1.024 1.178 1.316 1.420 
433.15 75.0 0.920 0.913 0.921 0.948 1.017 1.167 1.301 1.402 
443.15 75.0 0.917 0.910 0.916 0.943 1.010 1.156 1.286 1.384 
448.15 75.0 0.916 0.908 0.914 0.940 1.006 1.149 1.278 1.375 
453.15 75.0 0.914 0.906 0.912 0.937 1.002 1.143 1.270 1.365 
463.15 75.0 0.912 0.902 0.907 0.931 0.994 1.130 1.253 1.346 
473.1' ".0 0.908 0.898 0.902 0.92' 0.98' 1.116 1.235 1.327 
498.15 75.0 0.900 0.887 0.888 0.907 0.960 1.079 1.189 1.278 
523.15 75.0 0.891 0.874 0.873 0.887 0.932 1.037 1.139 1.229 
548.15 75.0 0.880 0.860 0.855 0.864 0.900 0.990 1.086 1.180 
513.15 15.0 0.861 0.842 0.833 0.838 0.864 0.931 1.029 1.136 
598.15 75.0 0.851 0.821 0.808 0.807 0.822 0.877 0.971 1.110 

273.15 100.0 0.943 0.938 0.941 0.960 1.018 1.174 1.336 1.479 
278.15 100.0 0.944 0.939 0.944 0.964 1.024 1.185 1.350 1.496 
283.15 100.0 0.944 0.940 0.946 0.967 1.030 1.194 1.362 1.509 
288.15 100.0 0.944 0.941 0.947 0.970 1.035 1.202 1.372 1.520 
293.15 100.0 0.944 0.941 0.948 0.972 1.040 1.209 1.380 1.528 
298.15 100.0 0.944 0.941 0.949 0.974 1.043 1.215 1.387 1.535 
303.15 100.0 0.943 0.941 0.950 0.976 1.046 1.220 1.392 1.539 
308.15 100.0 0.943 0.941 0.950 0.977 1.049 1.224 1.396 1.543 
313.15 100.0 0.943 0.941 0.950 0.978 1.051 1.227 1.399 1.545 
318.15 100.0 0.942 0.941 0.950 0.979 1.053 1.230 1.401 1.545 
323.15 100.0 0.942 0.940 0.950 0.979 1.054 1.231 1.402 1.545 
328.15 100.0 0.941 0.940 0.950 0.980 1.055 1.233 1.403 1.544 
333.15 100.0 0.941 0.939 0.949 0.980 1.056 1.233 1.402 1.542 
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Table A-5. The calculated osmotic coefficient, <1», of NaBr(aq) - Continued 

m I mol·kg- 1 

T/K plMPa 0.1 0.25 0.5 1.0 2.0 4.0 6.0 8.0 

338.15 100.0 0.940 0.938 0.949 0.979 1.056 1.233 1.401 1.539 
343.15 100.0 0.939 0.938 0.948 0.979 1.056 1.233 1.400 1.536 
348.15 100.0 0.939 0.937 0.948 0.979 1.056 1.232 1.398 1.532 
353.15 100.0 0.938 0.936 0.947 0.978 1.055 1.231 1.395 1.521 
358.15 100.0 0.937 0.935 0.946 0.977 1.055 1.229 1.392 1.522 
363.15 100.0 0.936 0.934 0.945 0.976 1.054 1.228 1.389 1.517 
368.15 100.0 0.935 0.933 0.944 0.975 1.053 1.225 1.385 1.511 
373.15 100.0 0.935 0.932 0.943 0.974 1.051 1.223 1.380 1.505 
383.15 100.0 0.933 0.930 0.940 0.971 1.048 1.217 1.371 1.492 
393.15 100.0 0.931 0.927 0.937 0.968 1.044 1.210 1.360 1.477 
398.15 100.0 0.930 0.926 0.936 0.966 1.041 1.206 1.355 1.470 
403.15 100.0 0.929 0.925 0.934 0.965 1.039 1.202 1.349 1.462 
413.15 100.0 0.927 0.922 0.931 0.961 1.034 1.193 1.336 1.446 
423.15 100.0 0.924 0.919 0.927 0.956 1.028 1.183 1.323 1.430 
433.15 100.0 0.922 0.916 0.923 0.952 1.021 1.173 1.309 1.413 
443.15 100.0 0.919 0.912 0.919 0.946 1.014 1.162 1.295 1.396 
448.15 100.0 0.918 0.911 0.917 0.944 1.011 1.156 1.287 1.387 
453.15 100.0 0.917 0.909 0.915 0.941 1.007 1.150 1.279 1.379 
463.15 100.0 0.914 0.905 0.911 0.935 0.999 1.138 1.264 1.361 
473.15 100.0 0.911 0.901 0.906 0.930 0.991 1.125 1.247 1.343 
498.15 100.0 0.903 0.891 0.893 0.913 0.968 1.090 1.205 1.299 
523.15 100.0 0.894 0.879 0.879 0.895 0.942 1.051 1.159 1.255 
548.15 100.0 0.884 0.866 0.862 0.874 0.912 1.008 1.110 1.213 
573.15 100.0 0.873 0.851 0.843 0.850 0.879 0.959 1.060 1.178 
598.15 100.0 0.859 0.832 0.821 0.823 0.842 0.906 1.010 1.163 

Table A-6. The calculated apparent molar volume of NaBr( aq), V"" I cm3'mol- 1 

m I mO['kg- 1 

T/K plMPa 0.0 0.1 0.25 0.5 1.0 2.0 4.0 8.0 

273.15 0.1 19.6 20.1 20.5 21.0 21.7 22.9 24.5 26.4 
278.15 0.1 20.7 21.3 21.6 22.1 22.7 23.7 25.1 26.8 
283.15 0.1 21.6 22.2 22.5 22.9 23.5 24.4 25.7 27.1 
288.15 0.1 22.4 22.9 23.3 23.7 24.2 25.0 26.1 27.4 
293.15 0.1 23.0 23.5 23.9 24.2 24.8 25.5 26.5 27.7 
298.15 0.1 23.5 24.0 24.4 24.7 25.2 25.9 26.9 27.9 
303.15 0.1 23.9 24.5 24.R ?4i.l ?4iJ1 ?tl1 27.1 28.1 
308.15 0.1 24.2 24.8 25.1 25.5 26.0 26.6 27.4 28.3 
313.15 0.1 24.5 25.1 25.4 25.8 26.2 26.8 27.6 28.5 
318.15 0.1 24.7 25.3 25.7 26.0 26.5 27.1 27.8 28.7 
323.15 0.1 24.8 25.5 25.9 26.2 26.7 27.2 28.0 2Kl-t 
328.15 0.1 25.0 25.7 26.0 26.4 26.8 27.4 28.1 2X.9 
333.15 0.1 25.0 25.8 26.1 26.5 26.9 27.5 28.2 ~I).() 

338.15 0.1 25.0 25.8 26.2 26.6 27.0 27.6 283 ~!9.1 

343.15 0.1 25.0 25.8 26.2 26.6 27.1 27.7 28.4 .~\).2 

348.15 0.1 25.0 25.8 26.2 26.6 27.1 27.7 2H.4 .~l).2 

353.15 0.1 24.9 25.8 26.2 26.6 27.1 27.7 21\.4 29.3 
358.15 0.1 24.8 25.7 26.1 26.6 27.1 27.7 .~X.4 .~<).J 

363.15 0.1 24.6 25.6 26.1 26.5 27.0 27.7 .. ~H.~ 29.3 
368.15 0.1 24.5 25.5 25.9 26.4 26.9 27.6 ~)x ... 29.4 
373.15 0.1 24.2 25.3 25.8 26.3 26.8 27.5 ~!X3 29.3 
383.15 0.1 23.7 24.9 25.4 25.9 26.5 273 H' ) .. _'\ ..... 29.3 
393.15 0.2 23.0 24.3 24.9 25.S 26.1 27.0 .~'1. <) 29.2 
398.15 0.2 22.6 24.0 24.6 25.2 25.9 2(j)( n.x 29.1 
403.15 0.3 22.1 23.6 24.3 24.9 25.6 2().5 D.ll 29.0 
413.15 0.4 21.0 22.7 23.5 24.2 25.0 '.~(d) :?7.2 28.8 
423.15 0.5 19.8 21.7 22.5 23.3 24.2 .~."i .·1 26.7 28.6 
433.15 0.6 18.3 20.5 21.4 22.3 2J.J .~·u) 26.1 28.2 
443.15 0.8 16.5 19.0 20.1 21.0 22.2 }J.7 25.4 27.8 
448.15 0.9 15.6 18.2 19.3 20.4 21.6 .~.U 25.0 27.6 
453.15 1.0 14.5 17.3 18.5 19.6 .:1.0 L?.h l4.b 27.4 
463.15 1.3 12.0 15.3 16.6 n.9 to,:. 213 23.7 26.8 
473.15 1.6 9.1 12.9 14.5 L~.';' ii. ; 19.9 22.5 26.2 
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Table A-6. The calculated apparent molar volume of NaBr(aq), V. I cm3'mol-1 

m / mO)'kg- 1 

T/K plMPa 0.0 0.1 0.25 0.5 1.0 2.0 4.0 8.0 

498.15 2.5 -0.7 4.8 7.1 9.3 11.8 15.0 18.9 24.0 
523.15 4.0 -16.6 -8.0 -4.4 -1.1 2.9 7.6 13.4 21.0 
523.15 4.0 -16.6 -8.0 -4.4 -1.1 2.9 7.6 13.4 21.0 
548.15 5.9 -43.8 -29.5 -23.5 -18.0 -11.5 -3.9 5.2 16.5 
573.15 8.6 -%.4 -69.8 -58.8 -48.6 -36.8 -23.2 -7.9 9.9 

273.15 10.0 20.1 20.7 21.0 21.5 22.2 23.3 24.9 26.7 
278.15 to.O 21.2 21.7 22.1 22.5 23.1 24.1 25.4 27.0 
283.15 10.0 22.1 22.6 22.9 23.3 23.9 24.8 26.0 27.3 
288.15 10.0 22.8 23.3 23.6 24.0 24.5 25.3 26.4 27.6 
293.15 10.0 23.3 23.9 24.2 24.6 25.1 25.8 26.8 27.9 
298.15 10.0 23.8 24.4 24.7 25.0 25.5 26.2 27.1 28.1 
303.15 10.0 24.2 24.8 25.1 25.4 25.9 26.5 27.4 28.3 
308.15 10.0 24.5 25.1 25.4 25.8 26.2 26.8 27.6 28.5 
313.15 10.0 24.8 25.4 25.7 26.1 26.5 27.1 27.8 28.6 
318.15 10.0 25.0 25.6 25.9 26.3 26.7 27.3 28.0 28.8 
323.15 10.0 25.1 25.8 26.1 26.5 26.9 27.5 28.2 28.9 
328.15 10.0 25.3 25.9 26.3 26.6 27.1 27.6 28.3 29.1 
333.15 10.0 25.3 26.0 26.4 26.7 27.2 27.7 28.4 29.2 
338.15 10.0 25.4 26.1 26.5 26.8 27.3 27.8 28.5 29.2 
343.15 10.0 25.4 26.1 26.5 26.9 27.3 27.9 28.5 29.3 
348.15 10.0 25.3 26.1 26.5 26.9 27.4 27.9 28.6 29.4 
353.15 10.0 25.3 26.1 26.5 26.9 27.4 27.9 28.6 29.4 
358.15 10.0 25.1 26.0 26.4 26.8 27.3 27.9 28.6 29.5 
363.15 10.0 25.0 25.9 26.4 26.8 27.3 27.9 28.6 29.5 
368.15 10.0 24.8 25.8 26.3 26.7 27.2 27.8 28.6 29.5 
373.15 10.0 24.6 25.7 26.1 26.6 27.1 27.8 28.5 29.5 
383.15 10.0 24.1 25.3 25.8 26.3 26.9 27.6 28.4 29.5 
393.15 10.0 23.5 24.8 25.3 25.9 26.5 27.3 28.2 29.4 
398.15 10.0 23.1 24.5 25.0 25.6 26.3 27.1 28.1 29.3 
403.15 10.0 22.7 24.1 24.7 25.3 26.0 26.9 27.9 29.2 
413.15 10.0 21.7 23.3 24.0 24.7 25.4 26.4 27.5 29.0 
423.15 10.0 20.6 22.4 23.1 23.9 24.7 25.8 27.1 28.8 
433.15 10.0 19.2 21.2 22.1 22.9 23.9 25.1 26.5 28.5 
443.15 10.0 17.6 19.9 20.9 21.8 22.9 24.2 25.9 28.2 
448.15 10.0 16.7 19.2 20.2 21.2 22.4 23.8 25.5 27.9 
453.15 10.0 15.7 18.4 19.5 20.5 21.7 23.3 25.2 27.7 
463.15 10.0 13.5 16.5 17.8 19.0 20.4 22.1 24.3 27.2 
473.15 10.0 10.9 14.3 15.8 17.1 18.8 20.8 23.2 26.6 
498.15 10.0 1.9 7.0 9.1 11.0 13.4 16.3 19.9 24.7 
523.15 10.0 -12.5 -4.7 -1.5 1.5 5.1 9.4 14.8 21.8 
523.15 10.0 -12.5 -4.7 -1.5 1.5 5.1 9.4 14.8 21.8 
548.15 10.0 -37.8 -24.8 -19.4 -14.4 -R5 -1.5 6.9 17.4 
573.15 10.0 -90.7 -65.5 -55.1 -45.4 -34.2 -21.3 -6.7 10.5 

273.15 25.0 20.8 21.4 21.7 22.2 22.9 23.9 25.4 27.0 
278.15 25.0 21.8 22.4 22.7 23.1 23.7 24.6 25.9 27.3 
283.15 25.0 22.6 23.2 23.5 23.9 24.4 25.2 26.4 27.6 
288.15 25.0 23.3 23.8 24.1 24.5 25.0 25.8 26.8 27.9 
293.15 25.0 23.8 24.4 24.7 25.0 25.5 26.2 27.1 28.1 
298.15 25.0 24.3 24.8 25.1 25.5 25.9 26.6 27.4 28.3 
303.15 25.0 24.7 25.2 25.5 25.9 26.3 26.9 27.7 28.5 
308.15 25.0 25.0 25.5 25.8 26.2 26.6 27.2 27.9 28.7 
313.15 25.0 25.2 25.8 26.1 26.4 26.9 27.4 28.1 28.9 
318.15 25.0 25.4 26.0 26.3 26.7 27.1 27.6 28.3 29.0 
323.15 25.0 25.6 26.2 26.5 26.8 27.3 27.8 28.4 29.1 
328.15 25.0 25.7 26.3 26.7 27.0 27.4 27.9 28.5 29.2 
333.15 25.0 25.8 26.4 26.8 27.1 27.5 28.0 28.7 29.3 
338.15 25.0 25.8 26.5 26.8 27.2 27.6 28.1 28.7 29.4 
343.15 25.0 25.8 26.5 26.9 27.2 27.7 28.2 28.8 29.5 
348.15 25.0 25.8 26.5 26.9 27.3 27.7 28.2 28.8 29.6 
353.15 25.0 25.7 26.5 26.9 27.3 27.7 28.2 28.9 29.6 
358.15 25.0 25.6 26.5 26.9 27.2 27.7 28.2 28.9 29.6 
363.15 25.0 25.5 26.4 26.8 27.2 27.7 28.2 28.9 29.7 
368.15 25.0 25.4 26.3 26.7 27.1 27.6 28.2 28.9 29.7 
373.15 25.0 25.2 26.2 26.6 27.0 27.5 28.1 28.8 29.7 
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Table A-6. The calculated apparent molar volume of NaBr(aq), Vel> I cm3'mol- 1 - Continued 

m I rnol·kg- I 

T/K plMPa 0.0 0.1 0.25 0.5 j.O 2.0 4.0 8.0 

383.15 25.0 24.8 25.8 26.3 26.8 27.3 27.9 28.7 29.7 
393.15 25.0 24.2 25.4 25.9 26.4 27.0 27.7 28.5 29.6 
398.15 25.0 23.9 25.1 25.7 26.2 26.8 27.5 28.4 29.6 
403.15 25.0 23.5 24.8 25.4 25.9 26.6 27.3 28.3 29.5 
413.15 25.0 22.6 24.1 24.8 25.3 26.1 26.9 28.0 29.3 
423.15 25.0 21.6 23.3 24.0 24.7 25.4 26.4 27.6 29.1 
433.15 25.0 20.5 22.3 23.1 23.8 24.7 25.8 27.1 28.9 
443.15 25.0 19.1 21.2 22.0 22.9 23.9 25.1 26.6 28.6 
448.15 25.0 18.3 20.5 21.5 223 23.4 24.7 26.2 28.4 
453.15 25.0 17.5 19.8 20.8 21.7 22.9 24.2 25.9 28.2 
463.15 25.0 15.6 18.3 19.4 20.4 21.7 23.2 25.2 27.8 
473.15 25.0 13.4 16.5 17.7 18.9 20.3 22.1 24.3 27.3 
498.15 25.0 6.2 10.5 12.3 14.0 15.9 18.4 21.5 25.7 
523.15 25.0 -4.7 1.6 4.2 6.6 9.5 13.0 17.5 23.S 
52.1.15 25.U -4.7 1.6 4.2 b.6 9.5 13.U 17.5 23.5 
548.15 25.0 -22.2 12.4 -8.4 -4.7 -0.3 5.0 11.6 20.1 
573.l5 25.0 -52.3 -36.1 -29.4 -23.2 15.9 -7.4 2.6 1S.1 

273.15 50.0 21.9 22.S 22.8 23.2 2.~.g :M.8 26.1 27.6 

278.15 50.0 22.8 23.3 23.7 24.0 24.6 25.4 26.6 27.8 
283.15 50.0 23.5 24.0 24.3 24.7 25.2 26.0 27.0 28.1 
288.15 50.0 24.1 24.6 24.9 25.3 25.7 26,4 27.3 28.3 
293.15 50.0 24.6 2S.1 25.4 25.7 26.2 26.8 27.6 28.5 
298.15 50.0 25.0 25.5 25.8 26.1 26.6 27.1 27.9 28.7 
303 .. 5 50.0 25.3 25.9 26.2 26.5 26.9 27.4 28.1 28.9 
308.15 50.0 25':; 26.2 26.5 26.8 27.2 27.7 28.3 29.0 
313.15 50.0 25° 26.4 26.7 27.0 27.4 27.9 28.5 29.2 
318.!5 50.0 26.0 26.6 26.9 27.2 27.6 28.1 28.7 29.3 
323.15 50.0 26.2 26.8 27.1 27.4 27.8 28.2 28.8 29.4 
328.15 50.0 26.3 26.9 27.2 27.5 27.9 28.4 28.9 29.5 
333.15 50.0 26.4 27.0 27.3 27.6 28.0 28.5 29.0 29.6 
338.15 50.0 26.4 27.1 27.4 27.7 28.1 28.6 29.1 29.7 
343.15 50.0 26.4 27.1 27.5 27.8 28.2 28.6 29.2 29.8 
348.15 50.0 26.4 27.1 27.5 27.8 28.2 28.7 29.2 29.8 
353.15 50.0 26.4 27.1 27.5 27.8 28.2 28.7 29.3 29.9 
358.15 50.0 26.3 27.1 27.5 27.8 28.2 28.7 29.3 29.9 
363.15 50.0 26.2 27.1 27.4 27.8 28.2 28.7 29.3 29.9 
368.15 50.0 26.1 27.0 27.4 27.7 28.2 28.7 29.3 30.0 
373J5 50.0 26.0 26.9 27.3 27.6 28.1 28.6 29.2 30.0 
383.15 50.0 25.6 26.6 27.0 27.4 27.9 28.5 29.2 30.0 
393.15 50.0 25.2 26.2 26.7 27.1 27.7 28.3 29.0 29.9 
398.15 50.0 24.9 26.0 26.5 27.0 27.5 28.1 28.9 29.9 
403.15 50.0 24.6 25.8 26.3 26.8 27.3 28.0 28.8 29.8 
413.15 50.0 23.9 25.2 25.8 26.3 26.9 27.7 28.6 29.7 
423.15 50.0 23.1 24.5 25.1 25.7 26.4 27.2 28.2 29.6 
433.15 50.0 22.1 23.7 24.4 25.1 25.8 26.7 27.9 29.4 
443.15 50.0 21.0 22.8 23.6 24.3 2:).1 26.1 27.4 29.2 
448.15 50.0 20.4 22.3 23.1 23.8 24.7 25.8 27.2 29.0 
453.15 50.0 19.8 2i.8 22.6 23.4 24.3 25.5 26.9 28.9 
463.15 50.0 18.3 20.5 21.5 22.3 23.4 24.7 26.3 28.6 
473.15 50.U 16.6 19.1 2U.2 21.2 22.3 23.~ 25.6 28.2 
498.15 50.0 11.3 14.7 16.1 i7.4 19.0 21.0 23.5 27.0 
523.15 50.0 3.6 8.4 10.3 12.2 14.4 17.1 20.6 25.4 
523.15 50.0 3.6 8.4 10.3 12.2 14.4 17.1 20.6 25,4 
548.15 50.0 -7.4- -0.5 2.2 4.8 7.9 11.7 16.5 23.2 
573.15 50.0 -23.9 -13.7 -9.6 -5.8 -1.3 4.2 11.0 20.0 

273.15 75.0 22.9 23 ,~ ..... 23.7 24.1 24.7 25.5 26.7 28.0 
278.]5 75.U 23.7 24.2 24.5 24.8 25.3 26.1 27.1 28.2 
283.15 75.0 24.3 24.8 25.1 25.4 25.9 26.6 27.5 28.4 
288.IS 75.(} 24.8 25.3 25.6 25.9 26.4 27.0 27.8 28.6 
293.]5 75.0 25.3 25<> .0 26.0 26.3 26.8 27.3 28.1 28.8 
298.15 75JJ 25.6 26.1. 26.4 26.7 27.1 27.6 28.3 29.0 
303.15 75.0 25.9 26.5 26.7 27.0 27.4 27.9 28.5 29.1 
308.15 75.G 26.2 26.7 27.0 27.3 27.7 28.1 28.7 29.3 
3 ~3.:5 75.C .L.0,".~ 27.0 -"t .. ~· 27.5 27.9- 28.3 28,9- 29.4 
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Table A-6. The calculated apparent molar volume of NaBr(aq), V", I cm3'mol- 1 - Continued 

m / mO)'kg- 1 

T/K p/MPa 0.0 0.1 0.25 0.5 1.0 2.0 4.0 8.0 

328.15 75.0 26.8 27.4 27.7 28.0 28.3 28.8 29.3 29.8 
333.15 75.0 26.9 27.5 27.8 28.1 28.5 28.9 29.4 29.8 
338.15 75.0 27.0 27.6 27.9 28.2 28.5 29.0 29.4 29.9 
343.15 75.0 27.0 27.6 27.9 28.2 28.6 29.0 29.5 30.0 
348.15 75.0 27.0 27.7 28.0 28.3 28.6 29.1 29.S 30.0 
353.15 75.0 27.0 27.7 28.0 28.3 28.7 29.1 29.6 30.1 
358.15 75.0 26.9 27.7 28.0 28.3 28.7 29.1 29.6 30.1 
363.15 75.0 26.9 27.6 28.0 28.3 28.7 29.1 29.6 30.2 
368.15 75.0 26.8 27.6 27.9 28.2 28.6 29.1 29.6 30.2 
373.15 75.0 26.7 27.5 27.8 28.2 28.6 29.1 29.6 30.2 
383.15 75.0 26.4 27.2 27.6 28.0 28.4 28.9 29.5 30.2 
393.15 75.0 26.0 26.9 27.4 27.8 28.2 28.8 29.4 30.2 
398.15 75.0 25.7 26.8 27.2 27.6 28.1 28.7 29.3 30.2 
403.15 75.0 25.5 26.6 27.0 27.4 27.9 28.5 29.2 30.1 
413.15 75.0 24.9 26.1 26.6 27.0 27.6 28.2 29.0 30.0 
421.15 75.0 24.2 25.5 26.1 '11.6 27.2 27.9 28Jl 29.9 
433.15 75.0 23.4 24.9 25.5 26.0 26.7 27.5 28.4 29.8 
443.15 75.0 22.5 24.1 24.7 25.4 26.1 27.0 28.1 29.6 
448.15 75.0 22.0 23.7 24.4 25.0 25.8 26.7 27.9 29.5 
453.15 75.0 21.5 23.2 23.9 24.6 25.4 26.4 27.7 29.4 
463.15 75.0 20.3 22.2 23.0 23.8 24.7 25.8 27.2 29.1 
473.15 75.0 19.0 21.1 22.0 22.8 23.8 25.0 26.6 28.8 
498.15 75.0 14.7 17.6 18.7 19.8 21.1 22.8 24.9 27.9 
523.15 75.0 9.0 12.8 14.4 15.8 17.6 19.8 22.6 26.7 
523.15 75.0 9.0 12.8 14.4 15.8 17.6 19.8 22.6 26.7 
548.15 75.0 1.1 6.4 8.5 10.5 12.8 15.8 19.7 25.1 
573.15 75.0 -9.7 -2.4 0.6 3.3 6.6 10.6 15.7 22.9 

273.15 100.0 23.8 24.2 24.5 24.9 25.4 26.2 27.3 28.4 
278.15 100.0 24.4 24.9 25.2 25.5 26.0 26.7 27.6 28.6 
283.15 100.0 25.0 25.5 25.7 26.1 26.5 27.1 27.9 28.8 
288.15 100.0 25.5 25.9 26.2 26.5 26.9 27.5 28.2 28.9 
293.15 100.0 25.9 26.3 26.6 26.9 27.3 27.8 28.5 29.1 
298.15 100.0 26.2 26.7 26.9 27.2 27.6 28.1 28.7 29.3 
303.15 100.0 26.5 27.0 27.2 27.5 27.9 28.3 28.9 29.4 
308.15 100.0 26.7 27.2 27.5 27.8 28.1 28.5 29.0 29.5 
313.15 100.0 26.9 27.4 27.7 28.0 28.3 28.7 29.2 29.7 
318.15 100.0 27.1 27.6 27.9 28.1 28.5 28.9 29.3 29.8 
323.15 100.0 27.2 27.8 28.0 28.3 28.6 29.0 29.5 29.9 
328.15 100.0 27.3 27.9 28.2 28.4 28.7 29.1 29.6 30.0 
333.15 100.0 27.4 28.0 28.3 28.5 28.8 29.2 29.7 30.0 
338.15 100.0 27.5 28.1 28.3 28.6 28.9 29.3 29.7 30.1 
343.15 100.0 27.5 28.1 28.4 28.7 29.0 29.4 29.8 30.2 
348.15 100.0 27.5 28.1 28.4 28.7 29.0 29.4 29.8 30.2 
353.15 100.0 27.5 28.1 28.4 28.7 29.1 29.5 29.9 30.3 
358.15 100.0 27.5 28.1 28.4 28.7 29.1 29.5 29.9 30.3 
363.15 100.0 27.4 28.1 28.4 28.7 29.1 29.5 29.9 30.4 
368.15 100.0 27.3 28.1 28.4 28.7 29.0 29.5 29.9 30.4 
373.15 100.0 27.2 28.0 28.3 28.6 29.0 29.4 29.9 30.4 
383.15 100.0 27.0 27.8 28.2 28.5 28.9 29.3 29.8 30.4 
393.15 100.0 26.7 27.6 27.9 28.3 28.7 29.2 29.8 30.4 
398.15 100.0 26.5 27.4 27.8 28.2 28.6 29.1 29.7 30.4 
403.15 100.0 26.3 27.2 27.6 28.0 28.5 29.0 29.6 30.4 
413.15 100.0 25.8 26.8 27.3 27.7 28.2 28.7 29.4 30.3 
423.15 100.0 25.2 26.3 26.8 27.3 27.8 28.4 29.2 30.2 
433.15 100.0 24.5 25.8 26.3 26.8 27.4 28.1 28.9 30.1 
443.15 100.0 23.7 25.1 25.7 26.2 26.9 27.7 28.6 29.9 
448.15 100.0 23.3 24.8 25.4 25.9 26.6 27.4 28.4 29.8 
453.15 100.0 22.8 24.4 25.0 25.6 26.3 27.2 28.3 29.7 
463.15 100.0 21.9 23.5 24.2 24.9 25.7 26.6 27.8 29.5 
473.15 100.0 20.7 22.6 23.4 24.1 24.9 26.0 27.4 29.3 
498.15 100.0 17.3 19.7 20.7 21.6 22.7 24.1 26.0 28.6 
523.15 100.0 12.8 15.9 17.2 18.4 19.9 21.7 24.1 27.7 
523.15 100.0 12.8 15.9 17.2 18.4 19.9 21.7 24.1 27.7 
548.15 100.0 6.8 11.0 12.7 14.3 16.2 18.6 21.8 26.4 
573.15 100.0 -1.0 4.6 6.9 9.0 11.5 14.7 18.8 24.8 
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Table A-7. The calculated density of NaBr(aq). Units are kg'm- 3 

m / mol'kg- 1 

T/K p/MPa 0.0 0.1 0.25 0.5 1.0 2.0 4.0 8.0 

273.15 0.1 999.844 1008.10 1020.33 1040.36 1079.26 1152.91 1285.42 1504.91 
278.15 0.1 999.970 1008.11 1020.17 1039.94 1078.35 1151.16 1282.62 1501.52 

283.15 0.1 999.705 1007.76 1019.68 1039.22 1077.22 1149.32 1279.83 1497.97 
288.15 0.1 999.103 1007.08 1018.88 1038.24 1075.88 1147.37 1277.01 1494.31 
293.15 0.1 998.204 1006.11 1017.82 1037.01 1074.35 1145.31 1274.16 1490.59 
298.15 0.1 997.041 1004.89 1016.51 1035.57 1072.64 1143.13 1271.26 1486.80 

303.15 0.1 995.641 1003.44 1014.99 1033.92 1070.76 1140.82 1268.31 1482.97 

308.15 0.1 994.023 1001.78 1013.26 1032.09 1068.72 1138.41 1265.29 1479.11 

313.15 0.1 992.206 999.92 1011.35 1030.08 1066.53 1135.88 1262.21 1475.21 
318.15 0.1 990.203 997.89 1009.26 1027.90 1064.19 1133.23 1259.06 1471.29 
323.15 0.1 988.026 995.68 1007.01 1025.58 1061.71 1130.49 1255.85 1467.34 

328.15 0.1 985.686 993.32 1004.60 1023.10 1059.11 1127.63 1252.58 1463.36 
333.15 0.1 983.192 990.80 1002.05 1020.49 1056.38 1124.68 1249.24 1459.36 
338.15 0.1 980.549 988.14 999.36 1017.74 1053.53 1121.63 1245.84 1455.33 
343.15 0.1 977.766 985.34 996.53 1014.87 1050.56 1118.48 1242.37 1451.27 
348.15 0.1 974.847 982.40 993.57 1011.87 1047.47 1115.24 1238.84 1447.18 
353.15 0.1 971.798 979.34 990.49 1008.75 1044.28 1111.90 1235.25 1443.07 

358.15 0.1 968.621 976.16 987.29 1005.52 1040.99 1108.48 1231.59 1438.93 
363.15 0.1 965.322 972.85 983.97 1002.17 1037.58 1104.97 1227_88 1434.76 
368.15 0.1 961.903 969.42 980.53 998.71 1034.08 1101.37 1224.10 1430.55 
373.15 0.1 958.367 965.89 976.98 995.15 1030.48 1097.69 1220.26 1426.32 
383.15 0.1 950.970 958.49 969.57 987.72 1023.00 1090.10 1212.43 1417.77 
393.15 0.2 943.132 950.66 961.75 979.89 1015.15 1082.19 1204.37 1409.10 
398.15 0.2 939.051 946.58 957.68 975.82 1011.08 1078.12 1200.26 1404.71 
403.15 0.3 934.864 942.40 953.51 971.66 1006.93 1073.98 1196.09 1400.29 
413.15 0.4 926.169 933.73 944.86 963.04 998.35 1065.46 1187.60 1391.35 
423.15 0.5 917.049 924.64 935.81 954.04 989.42 1056.64 1178.89 1382.28 
433.15 0.6 907.499 915.14 926.35 944.64 980.14 1047.52 1169.98 1373.07 
443.15 0.8 897.510 905.20 916.47 934.86 970.50 1038.11 1160.87 1363.74 
448.15 0.9 892.347 900.07 911.38 929.81 965.54 1033.30 1156.24 1359.02 
453.15 1.0 887.069 894.82 906.17 924.67 960.49 1028.41 1151.57 1354.27 
463.15 1.3 876.159 883.99 895.43 914.06 950.11 1018.41 1142.07 1344.68 
473.15 1.6 864.756 872.68 884.24 903.03 939.36 1008.10 1132.40 1334.96 
498.15 2.5 833.879 842.12 854.07 873.41 910.69 980.99 1107.45 1310.12 
523.15 4.0 799.045 807.78 820.32 840.52 879.25 951.90 1081.54 1284.45 
523.15 4.0 799.045 807.78 820.32 840.52 879.25 951.90 1081.54 1284.45 
548.15 5.9 759.142 768.67 782.16 803.70 844.65 920.80 1054.99 1257.71 
573.15 8.6 712.233 723.16 738.28 762.07 806.65 888.20 1028.58 1228.99 

273.15 10.0 1004.822 1013.06 1025.25 1045.23 1084.03 1157.45 1289.56 1508.47 
278.15 10.0 1004.783 1012.91 1024.94 1044.66 1082.99 1155.62 1286.73 1505.09 
283.15 10.0 1004.386 1012.42 1024.32 1043.83 1081.75 1153.70 1283.90 1501.57 
288.15 10.0 1003.676 1011.64 1023.43 1042.75 1080.33 1151.69 1281.07 1497.94 
293.15 10.0 1002.692 1010.59 1022.28 1041.45 1078.74 1149.58 1278.20 1494.24 
298.15 10.0 1001.461 1009.30 1020.91 1039.94 1076.97 1147.36 1275.29 1490.49 
303.15 10.0 1000.008 1007.80 1019.34 1038.25 1075.05 1145.03 127233 1486.69 
308.15 10.0 998.351 1006.10 1017.57 1036.38 1072.98 1142.59 1269.31 1482.86 
313.15 10.0 996.506 1004.22 1015.63 1034.35 1070.76 1140.04 1266.23 1478.99 
318.15 10.0 994.486 1002.17 1013.53 1032.16 1068.42 1137.40 1'263.09 1475.10 
323.15 10.0 992.302 999.95 1011.27 1029.83 1065.94 1134.65 1259.90 1471.18 
328.15 10.0 989.962 997.59 1008.87 1027.35 1063.34 113LRI 1?'i{d,4 1467.24 
333.15 10.0 987.476 995.08 1006.32 1024.75 1060.61 112~U~7 1253.32 1463.27 
338.15 10.0 984.849 992.43 1003.64 1022.02 1057.78 ! 125.83 1249.94 1459.28 
343.15 10.0 982.089 989.65 1000.84 1019.17 1054.83 /122.71 1246.50 1455.26 
348.15 10.0 979.199 986.75 997.91 1016.20 W51.78 !119.49 1243.00 1451.21 
353.15 10.0 976.184 983.72 994.86 1013.11 I04B.62 IlHd9 1239.44 1447.14 
358.15 10.0 973.049 980.58 991.70 1009.92 1045.36 11I2.8l 1235.83 1443.03 
363.15 10.0 969.797 977.32 988.42 1006.62 1042.00 1109.34 1232.15 1438.90 
368.15 10.0 966.431 973.94 985.04 1003.2i !(I3K:» 1105.79 1228.42 1434.74 
373.15 10.0 962.953 970.46 981.55 999.70 1035.00 I W2.16 1224.63 1430.55 
383.15 10.0 955.671 963.18 974.25 9923R i027.(i~ 1094.66 1216.88 1422.08 
393.15 10.0 947.964 955.48 966.55 984.67 1019.gB 1086.86 1208.90 1413.47 
398.15 10.0 943.954 951.47 962.55 9S0.67 IOtS.UP, 1082.84 1204.83 1409.12 
403.15 10.0 939.841 947.36 958./.!·5 '~176.57 HH L79 1078.75 1200.71 1404.73 
413.15 10.0 93z.306 93[tg.~; 949.9S "68. g( ~.Q03.?:; 1070.35 E92.30 1395.85 
423.15 10.0 922.357 92S~.93 94U)6 ')59 .. 25 99LL56 :1]6][.65 1183.68 1386.82 
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Table A-7. The calculated density of NaBr(aq). Units are kg'm-:I - Continued 

m / mol'kg- 1 

T/K p/MPa 0.0 0.1 0.25 0.5 1.0 2.0 4.0 8.0 

433.15 10.0 912.988 920.60 931.77 950.02 . 985.42 1052.65 1174.84 1377.64 
443.15 10.0 903.189 910.84 922.07 940.39 975.93 1043.36 1165.80 1368.32 
448.15 10.0 898.123 905.81 917.07 935.43 971.04 1038.59 1161.20 1363.60 
453.15 10.0 892.944 900.66 911.95 930.37 966.06 1033.76 1156.54 1358.85 
463.15 10.0 882.230 890.01 901.39 919.93 955.82 1023.85 1147.07 1349.22 
473.15 10.0 871.019 878.88 890.36 909.04 945.19 1013.62 1137.40 1339.44 
498.15 10.0 840.555 848.71 860.53 879.71 916.71 986.55 1112.27 1314.30 
523.15 10.0 805.8-18 814.45 826.82 846.78 885.11 957.11 1085.81 1288.10 
523.15 10.0 805.848 814.45 826.82 846.78 885.11 957.11 1085.81 1288.10 
548.15 10.0 765.271 774.62 787.88 809.10 849.54 924.89 1058.05 1260.57 
573.15 10.0 715.397 726.16 741.10 764.62 808.79 889.75 1029.54 1230.48 

273.15 25.0 1012.149 1020.35 1032.50 1052.40 1091.05 1164.17 1295.72 1513.83 
278.15 25.0 1011.876 1019.98 1031.98 1051.63 1089.83 1162.20 1292.83 1510.48 
283.15 25.0 1011.288 1019.31 1031.18 1050.63 1088.45 1160.18 1289.97 1506.99 
288.15 25.0 1010.425 1018.37 1030.13 1049.41 1086.91 1158.08 1287.10 1503.40 
293.15 25.0 1009.316 1017.20 1028.87 1048.00 1085.21 1155.90 1284.20 1499.73 
298.1S 25.0 1007.986 1015.81 1027.41 1046.41 1083.37 1153.62 1281.27 1496.02 
303.15 25.0 1006.455 1014.24 1025.76 1044.64 1081.39 1151.25 1278.30 1492.26 
308.15 25.0 1004.739 1012.48 1023.94 1042.72 1079.27 1148.78 1275.28 1488.47 
313.15 25.0 1002.852 1010.56 1021.96 1040.65 1077.03 1146.21 1272.20 1484.65 
318.15 25.0 1000.804 1008.48 1019.83 1038.44 1074.66 1143.56 1269.08 1480.80 
323.15 25.0 998.605 1006.25 1017.56 1036.10 1072.17 1140.81 1265.90 1476.93 
328.15 25.0 996.264 1003.88 1015.15 1033.62 1069.57 1137.98 1262.66 1473.03 
333.15 25.0 993.786 1001.38 1012.62 1031.03 1066.86 1135.05 1259.37 1469.11 
338.15 25.0 991.179 998.75 1009.96 1028.32 1064.05 1132.04 1256.02 1465.17 
343.15 25.0 988.447 996.00 1007.18 1025.50 1061.13 1128.95 1252.62 1461.21 
348.15 25.0 985.595 993.14 1004.29 1022.56 1058.12 1125.78 1249.17 1457.22 
353.15 25.0 982.627 990.16 1001.29 1019.52 1055.00 1122.52 1245.66 1453.20 
358.15 25.0 979.547 987.07 998.18 1016.38 1051.80 1119.19 1242.09 1449.16 
363.15 25.0 976.359 983.87 994.96 1013.14 1048.50 1115.78 1238.47 1445.09 
368.15 25.0 973.064 980.57 991.65 1009.80 1045.11 1112.29 1234.80 1440.99 
373.15 25.0 969.665 977.16 988.24 1006.37 1041.63 l1OB.73 1231.08 1436.87 
383.15 25.0 962.566 970.06 981.12 999.22 1034.43 1101.39 1223.47 1428.53 
393.15 25.0 955.075 962.57 973.62 991.71 1026.88 1093.77 1215.66 1420.06 
398.15 25.0 951.185 958.68 969.74 987.83 1022.99 1089.85 1211.67 1415.78 
403.15 25.0 947.201 954.70 965.76 983.85 1019.01 1085.87 1207.64 1411.47 
413.15 25.0 938.951 946.47 957.54 975.65 1010.83 1077.69 1199.42 1402.74 
423.15 25.0 930.326 937.87 948.96 967.10 1002.32 1069.24 1191.00 1393.86 
433.15 2S.0 921.326 928.90 940.02 95R.20 993.50 1060.53 1182.39 13&4.85 
443.15 25.0 911.943 919.55 930.72 948.96 984.36 1051.54 1173.58 1375.69 
448.15 25.0 907.106 914.74 925.93 944.21 979.66 1046.95 1169.10 1371.05 
453.15 25.0 902.169 909.82 921.05 939.37 974.89 1042.28 1164.57 1366.38 
463.15 25.0 891.991 899.70 911.00 929.41 965.09 1032.75 1155.38 1356.92 
473.15 25.0 881.391 889.17 900.54 919.07 954.95 1022.93 1145.98 1347.31 
498.15 25.0 852.879 860.88 872.53 891.45 928.01 997.10 1121.65 1322.62 
523.15 25.0 821.037 829.38 841.44 860.95 898.51 969.26 1096.08 1296.97 
523.15 25.0 821.037 829.38 841.44 860.95 898.51 969.26 1096.08 1296.97 
548.15 25.0 784.971 793.82 806.50 826.89 865.93 939.08 1069.21 1270.38 
573.15 25.0 743.133 752.80 766.43 788.16 829.42 906.08 1040.93 1242.93 

273.15 50.0 1023.813 1031.97 1044.06 1063.84 1102.26 1174.92 1305.67 1522.70 
278.15 50.0 1023.193 1031.26 1043.20 1062.77 1100.78 1172.77 1302.70 1519.37 
283.15 50.0 1022.318 1030.31 1042.13 1061.51 1099.17 1170.59 1299.77 1515.90 
288.15 50.0 1021.219 1029.14 1040.87 106(l.OS 1097.45 1168.35 1296.84 1512.35 
293.15 50.0 1019.917 1027.78 1039.42 1058.50 1095.60 1166.05 1293.90 1508.73 
298.15 50.0 1018.431 1026.24 1037.81 1056.76 1093.64 1163.68 1290.94 1505.06 
303.15 50.0 1016.776 1024.54 1036.04 1054.89 1091.56 1161.24 1287.94 1501.36 
3OB.15 50.0 1014.964 1022.69 1034.13 1052.88 1089.37 1158.72 1284.91 1497.62 
313.15 50.0 1013.006 1020.70 1032.08 1050.75 1087.07 1156.12 1281.84 1493.86 
318.15 50.0 1010.909 1018.57 1029.91 1048.50 1084.66 1153.45 1278.72 1490.08 
323.15 50.0 1008.682 1016.31 1027.61 1046.13 1082.16 1150.70 1275.56 1486.27 
328.15 50.0 1006.330 1013.94 1025.20 1043.65 1079.56 1147.87 1272.36 1482.44 
333.15 50.0 1003.859 1011.45 1022.67 1041.07 1076.86 1144.97 1269.11 1478.60 
338.15 50.0 1001.274 1008.84 1020.03 1038.38 1074.08 1141.99 1265.81 1474.73 
343.15 50.0 998.579 1006.13 1017.29 1035.59 1071.20 1138.95 1262.46 1470.85 
348.15 50.0 995.778 1003.31 1014.45 1032.71 1068.23 1135.83 1259.07 1466.94 
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Table A-7. The calculated density of NaBr(aq). Units are kg'm-3 
- Continued 

m I mol·kg- 1 

TIK plMPa 0.0 0.1 0.25 0.5 1.0 2.0 4.0 8.0 

353.15 50.0 992.874 1000.39 1011.51 1029.73 1065.18 1132.64 1255.63 1463.01 
358.15 50.0 989.870 997.38 1008.48 1026.67 1062.05 1129.38 1252.14 1459.06 
363.15 50.0 986.770 994.27 1005.35 1023.51 1058.84 1126.05 1248.61 1455.09 
368.15 50.0 983.575 991.07 1002.13 1020.27 1055.54 1122.66 1245.03 1451.09 
373.15 50.0 980.288 987.77 998.83 1016.94 1052.17 1119.20 1241.40 1447.07 
383.15 50.0 973.446 980.92 991.96 1010.04 1045.20 1112.09 1234.01 1438.95 
393.15 50.0 966.258 973.73 984.76 1002.82 1037.94 1104.73 1226.44 1430.71 
398.15 50.0 962.538 970.01 981.04 999.10 1034.20 1100.96 1222.59 1426.55 
403.15 50.0 958.734 %6.21 977.24 995.29 1030.39 1097.13 1218.69 1422.36 
413.15 50.0 950.882 958.37 969.41 987.46 1022.56 1089.28 1210.76 1413.88 
423.15 50.0 942.708 950.21 961.26 979.34 1014.45 1081.20 1202.65 1405.28 
433.15 50.0 934.212 941.74 952.81 970.91 1006.08 1072.89 1194.37 1396.53 
443.15 50.0 925.396 932.95 944.05 962.20 997.43 1064.34 1185.92 1387.65 
448.15 50.0 920.868 928.44 939.56 957.73 993.01 1059.98 1181.63 1383.16 
453.15 50.0 916.257 923.84 934.99 953.19 988.51 1055.57 1177.30 1378.63 
463.15 50.0 906.790 914.42 925.61 943.88 979.32 1046.56 1168.50 1369.46 
473.15 50.0 896.986 904.66 915.91 934.27 %9.85 1037.32 1159.54 1360.14 
498.15 50.0 870.931 878.77 890.22 908.85 944.91 1013.16 1136.38 1336.20 
523.15 50.0 842.458 850.52 862.25 881.28 918.03 987.42 1112.14 1311.35 
523.15 50.0 842.458 850.52 862.25 881.28 918.03 987.42 1112.14 1311.35 
548.15 50.0 811.184 819.57 831.68 851.27 888.97 959.91 1086.76 1285.68 
573.15 50.0 776.540 785.37 798.01 818.33 857.28 930.27 1060.05 1259.53 

273.15 75.0 1034.845 1042.97 1054.99 1074.67 1112.89 1185.17 1315.24 1531.44 

278.15 75.0 1033.925 1041.96 1053.85 1073.34 1111.19 1182.86 1312.20 1528.09 
283.15 75.0 1032.799 1040.76 1052.55 1071.86 1109.39 1180.53 1309.20 1524.63 
288.15 75.0 1031.488 1039.39 1051.08 1070.25 1107.50 1178.17 1306.22 1521.09 
293.15 75.0 1030.011 1037.86 1049.47 1068.50 1105.51 1175.77 1303.23 1517.50 
298.15 75.0 1028.382 1036.18 1047.72 1066.64 1103.43 1173.31 1300.23 1513.86 
303.15 75.0 1026.611 1034.37 1045.84 1064.66 1101.26 1170.80 1297.21 1510.19 
308.15 75.0 1024.708 1032.42 1043.85 1062.57 1099.00 1168.23 1294.16 1506.49 
313.15 75.0 1022.680 1030.36 1041.74 1060.38 1096.65 1165.60 1291.08 1502.77 
318.15 75.0 1020.533 1028.19 1039.51 1058.08 1094.21 1162.90 1287.97 1499.03 
323.15 75.0 1018.274 1025.90 1037.19 1055.69 1091.68 1160.14 1284.82 1495.28 
328.15 75.0 1015.907 1023.51 1034.76 1053.20 1089.08 1157.31 1281.64 1491.51 
333.15 75.0 1013.435 1021.01 1032.23 1050.61 1086.39 1154.43 1278.42 1487.72 
338.15 75.0 1010.864 1018.42 1029.61 1047.94 1083.62 1151.48 1275.16 1483.92 
343.15 75.0 1008.195 1015.74 1026.90 1045.18 1080.77 1148.46 1271.86 1480.10 
348.15 75.0 1005.432 1012.96 1024.09 1042.34 1077.84 1145.39 1268.52 1476.27 
353.15 75.0 1002.578 1010.09 1021.20 1039.41 1074.84 1142.25 1265.14 1472.42 
358.15 75.0 999.635 1007.14 1018.23 1036.41 1071.77 1139.05 1261.72 1468.55 
363.15 75.0 996.606 1004.10 1015.17 1033.32 1068.63 1135.80 1258.26 1464.66 
368.15 75.0 993.493 1000.98 1012.04 1030.16 1065.41 1132.48 1254.76 1460.76 
373.15 75.0 990.298 997.77 1008.82 1026.92 1062.13 1129.11 1251.22 1456.83 
383.15 75.0 983.668 991.13 1002.16 1020.22 1055.36 1122.20 1244.02 1448.91 
393.15 75.0 976.730 984.19 995.21 1013.25 1048.33 1115.06 1236.66 1440.89 
398.15 75.0 973.148 980.61 991.62 1009.65 1044.72 1111.41 1232.92 1436.84 
403.15 75.0 969.494 976.95 987.97 .1005.99 1041.05 1107.71 1229.14 1432.77 
413.15 75.0 961.968 969.43 980.45 998.47 1033.52 1100.15 1221.47 1424.54 
423.15 75.0 954.159 961.64 972.66 990.69 1025.75 1092.38 1213.64 1416.19 
433.15 75.0 946.072 953.56 964.60 982.66 1017.74 1084.41 1205.66 1407.72 
443.15 75.0 937.709 945.22 956.28 974.37 1009.50 1076.23 1197.53 1399.11 
448.15 75.0 933.425 940.95 952.02 970.13 1005.29 1072.07 1193.41 1394.76 
453.15 75.0 929.072 936.61 947.70 965.83 1001.02 1067.86 1189.25 1390.38 
463.15 75.0 920.159 927.73 938.86 957.03 992.32 1059.29 1180.81 1381.51 
473.15 75.0 910.969 918.58 929.75 947.99 983.38 1050.52 1172.22 1372.49 
498.15 75.0 886.745 894.47 905.79 924.24 959.99 1027.71 1150.10 1349.33 
523.15 75.0 860.646 868.54 880.06 898.80 935.06 1003.60 1127.03 1325.28 
523.15 75.0 860.646 868.54 880.06 898.80 935.06 1003.60 1127.03 1325.28 
548.15 75.0 832.494 840.61 852.40 871.53 908.45 978.09 1102.96 1300.41 
573.15 75.0 802.045 810.45 822.58 842.19 879.93 950.93 1077.73 1275.04 

273.15 100.0 1045.296 1053.38 1065.35 1084.95 1123.00 1194.94 1324.45 1540.00 
278.15 100.0 1044.119 1052.13 1063.98 1083.39 1121.10 1192.49 1321.34 1536.62 
283.15 100.0 1042.774 1050.71 1062.47 1081.72 1119.13 1190.03 1318.28 1533.14 
288.15 100.0 1041.277 1049.16 1060.82 1079.94 1117.09 1187.56 1315.23 1529.60 
293.15 100.0 1039.644 1047.47 1059.06 1078.06 1114.98 1185.07 1312.19 1526.00 

J. Phys. Chern. Ref. Data, Vol. 20, No.3, 1991 



552 DONALD G. ARCHER 

Table A-7. The calculated density of NaBr(aq). Units are kg'm- 3 - Continued 

m I mol'kg- 1 

T/K p/MPa 0.0 0.1 0.25 0.5 1.0 2.0 4.0 8.0 

298.15 100.0 1037.883 1045.67 1057.19 1076.08 1112.80 1182.53 1309.15 1522.37 
303.15 100.0 1036.005 1043.75 1055.21 1074.00 1110.54 1179.95 1306.10 1518.72 
308.15 100.0 1034.016 1041.72 1053.13 1071.83 1108.21 1177.33 1303.03 1515.04 
313.15 100.0 1031.921 1039.60 1050.96 1069.58 1105.81 1174.66 1299.94 1511.34 
318.15 100.0 1029.726 1037.37 1048.69 1067.24 1103.33 1171.94 1296.82 1507.64 
323.15 100.0 1027.433 1035.05 1046.33 1064.82 1100.78 1169.16 1293.68 1503.92 
328.15 100.0 1025.047 1032.64 1043.88 1062.31 1098.16 1166.33 1290.51 1500.18 
333.15 100.0 1022.570 1030.14 1041.35 1059.72 1095.47 1163.45 1287.31 1496.44 
338.15 100.0 1020.005 1027.56 1038.74 1057.06 1092.71 1160.52 1284.08 1492.69 
343.15 100.0 1017.355 1024.89 1036.04 1054.32 1089.89 1157.53 1280.81 1488.93 
348.15 100.0 1014.622 1022.14 1033.27 1051.51 1086.99 1154.49 1277.51 1485.15 
353.15 100.0 1011.808 1019.32 1030.42 1048.62 1084.04 1151.40 1274.18 1481.37 
358.15 100.0 1008.914 1016.41 1027.50 1045.66 1081.01 1148.26 1270.82 1477.57 
363.15 100.0 1005.944 1013.43 1024.50 1042.64 1077.93 1145.06 1267.42 1473.75 
368.15 100.0 1002.899 1010.37 1021.43 1039.54 1074.78 1141.81 1263.99 1469.93 
373.15 100.0 999.780 1007.25 1018.29 1036.38 1071.57 1138.51 1260.53 1466.08 
383.15 100.0 993.328 1000.78 1011.80 1029.85 1064.97 1131.77 1253.49 1458.34 
393.15 100.0 986.599 994.05 1005.05 1023.08 1058.14 1124.83 1246.32 1450.52 
398.15 100.0 983.134 990.58 1001.58 1019.60 1054.64 1121.28 1242.69 1446.58 
403.15 100.0 979.604 987.05 998.05 1016.06 1051.09 1117.69 1239.02 1442.62 
413.15 100.0 972.351 979.80 990.80 1008.80 1043.81 1110.38 1231.58 1434.62 
423.15 100.0 964.848 972.31 983.31 1001.31 1036.32 1102.88 1224.00 1426.52 
433.15 100.0 957.099 964.57 975.58 993.60 1028.63 1095.20 1216.29 1418.31 
443.15 100.0 949.109 956.59 967.62 985.67 1020.73 1087.34 1208.44 1409.98 
448.15 100.0 945.025 952.52 963.56 981.62 1016.70 1083.35 1204.47 1405.77 
453.15 100.0 940.882 948.39 959.44 977.51 1012.62 1079.32 1200.47 1401.53 
463.15 100.0 932.418 939.95 951.03 969.14 1004.32 1071.12 1192.35 1392.95 
473.15 100.0 923.718 931.28 942.39 960.55 995.82 1062.74 1184.11 1384.24 
498.15 100.0 900.930 908.58 919.81 938.14 973.68 1041.06 1162.91 1361.87 
523.15 100.0 876.621 884.41 895.79 914.34 950.27 1018.28 1140.87 1338.64 
523.15 100.0 876.621 884.41 895.79 914.34 950.27 1018.28 1140.87 1338.64 
548.15 100.0 850.717 858.67 870.25 889.09 925.52 994.34 1117.95 1314.60 
573.15 100.0 823.108 831.26 843.09 862.27 899.28 969.07 1094.01 1289.99 

Table A-8. Calculated values of J3£&. Units are kg'mol- 1 

T/K pa 0.1 MPapw 10MPa 25 MPa 50MPa 75 MPa 100 MPa 

268.15 0.1 0.1037 0.1060 0.1094 0.1146 0.1192 0.1233 
273.15 0.1 0.1118 0.1137 0.1164 0.1205 0.1241 0.1274 
278.15 0.1 0.1183 0.1198 0.1220 0.1253 0.1282 0.1308 
283.15 0.1 0.1235 0.1248 0.1265 0.1292 0.1316 0.1337 
288.15 0.1 0.1278 0.1289 0.1303 0.1325 0.1345 0.1362 
293.15 0.1 0.1315 0.1323 0.1335 0.1353 0.1369 0.1383 
298.15 0.1 0.1345 0.1352 0.1362 0.1377 0.1390 0.1401 
303.15 0.1 0.1370 0.1376 0.1385 0.1397 0.1408 0.1417 
308.15 0.1 0.1392 0.1397 0.1404 0.1414 0.1423 0.1430 
313.15 0.1 0.1410 0.1415 0.1420 0.1429 0.1436 0.1441 
318.15 0.1 0.1426 0.1429 0.1434 0.1441 0.1446 0.1451 
323.15 0.1 0.1439 0.1441 0.1445 0.1451 0.1455 0.1459 
328.15 0.1 0.1449 0.1452 0.1455 0.1459 0.1463 0.1465 
333.15 0.1 0.1458 0.1460 0.1462 0.1466 0.1468 0.1470 
338.15 0.1 0.1465 0.1466 0.1468 0.1471 0.1473 0.1474 
343.15 0.1 0.1470 0.1471 0.1473 0.1475 0.1476 0.1476 
348.15 0.1 0.1474 0.1475 0.1476 0.1477 0.1478 0.1478 
353.15 0.1 0.1476 0.1477 0.1478 0.1479 0.1479 0.1478 
358.15 0.1 0.1477 0.1478 0.1478 0.1479 0.1478 0.1477 
363.15 0.1 0.1477 0.1477 0.1478 0.1478 0.1477 0.1476 
368.15 0.1 0.1476 0.1476 0.1476 0.1476 0.1475 0.1473 
373.15 0.1 0.1473 0.1473 0.1473 0.1473 0.1472 0.1470 
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Table A-8. Calculated values of J3~x. Units are kg'mol- 1 
- Continued 

T!K pa 0.1 MPa/pw 10 MPa 25 MPa 50 MPa 75 MPa 100 MPa 

383.15 0.1 0.1466 0.1466 0.1466 0.1465 0.1463 0.1461 
393.15 0.2 0.1455 0.1455 0.1454 0.1453 0.1451 0.1449 
398.15 0.2 0.1448 0.1448 0.1447 0.1446 0.1444 0.1442 
403.15 0.3 0.1441 0.1440 0.1440 0.1438 0.1437 0.1434 
413.15 0.4 0.1423 0.1423 0.1422 0.1421 0.1419 0.1417 
423.15 0.5 0.1403 0.1402 0.1402 0.1400 0.1399 0.1397 
433.15 0.6 0.1380 0.1379 0.1379 0.1377 0.1376 0.1374 
443.15 0.8 0.1354 0.1354 0.1353 0.1351 0.1350 0.1348 
448.15 0.9 0.1340 0.1340 0.1339 0.]337 0.1336 0.1335 
453.15 1.0 0.1326 0.1325 0.1324 0.1323 0.1322 0.1320 
463.15 1.3 0.1294 0.1294 0.1293 0.1292 0.1291 0.1290 
473.15 1.6 0.1260 0.1260 0.1259 0.1258 0.1257 0.1256 
498.15 2.5 0.1163 0.1162 0.1161 0.1160 0.1159 0.1160 
523.15 4.0 0.1047 0.1045 0.1042 0.1039 0.1039 0.1039 
548.15 5.9 0.0907 0.0903 0.0894 0.0888 0.0885 0.0886 
573.15 8.6 0.0731 0.0777 0070?. OOtlR1 O.Otl7tl O.Otl71 

598.15 12.0 0.0483 0.0415 0.0360 0.0336- 0.0325 

"Column gives the pressure for values of J3~~ in the 0.1 MPa / pw column. 

Table A-9. Calculated values of J3Uk. Units are kg'mol- 1 

T/K pa 0.1 MPapw 10 MPa 25 MPa 50 MPa 75 MPa 100 MPa 

268.15 0.1 0.23]2 0.2337 0.2375 0.2435 0.2491 0.2545 
273.15 0.] 0.2521 0.2544 0.2578 0.2632 0.2684 0.2732 
278.15 0.1 0.2675 0.2696 0.2727 0.2776 0.2823 0.2867 
283.15 0.1 0.2794 0.2813 0.2842 0.2886 0.2929 0.2969 
288.15 0.1 0.2892 0.2909 0.2935 0.2975 0.3014 0.3051 
293.15 0.1 0.2975 0.2990 0.3013 0.3050 0.3085 0.3118 
298.15 0.1 0.3047 0.3061 0.3082 0.3115 0.3146 0.3176 
303.15 0.1 0.3112 0.3124 0.3143 0.3172 0.3201 0.3227 
308.15 0.1 0.3171 0.3182 0.3199 0.3225 0.3250 0.3274 
313.15 0.1 0.3226 0.3236 0.3251 0.3274 0.3296 0.3317 
318.15 0.1 0.3279 0.3287 0.3300 0.3320 0.3339 0.3357 
323.15 0.1 0.3329 0.3336 0.3347 0.3364 0.3380 0.3395 
328.15 0.1 0.3378 0.3384 0.3393 0.3406 0.3420 0.3432 
333.15 0.1 0.3426 0.3430 0.3437 0.3448 0.3458 0.3468 
338.15 0.1 0.3473 0.3476 0.3481 0.3489 0.3497 0.3504 
343.15 0.1 0.3519 0.3521 0.3524 0.3529 0.3534 0.3539 
348.15 0.1 0.3566 0.3567 0.3568 0.3570 0.3572 0.3573 
353.15 0.1 0.3612 0.3612 0.3611 0.3610 0.3609 0.3608 
358.15 0.1 0.3659 0.3657 0.3655 0.3651 0.3647 0.3643 
363.15 0.1 0.3707 0.3703 0.3699 0.3692 0.3685 0.3678 
368.15 0.1 0.3755 0.3750 0.3744 0.3733 0.3723 0.3714 
371.15 0.1 0.3803 0.3798 0.3789 0.3775 0.3762 0.3750 
383.15 0.1 0.3904 0.3895 0.3882 0.3862 0.3842 0.3824 
393.15 0.2 0.4009 0.3997 0.3979 0.3952 0.3926 0.3901 
398.15 0.2 0.4064 0.40S0 0.4030 O.399H 0.3969 0.3941 
403.15 0.3 04120 04104 o 4()R2 () 404() 04013 0.3982 
413.15 0.4 0.4237 0.4218 0.4190 0.4146 0.4105 0.4067 
423.15 0.5 0.4361 0.4338 0.4304 0.4252 0.4203 0.4157 
433.15 0.6 0.4493 0.4467 0.4426 0.4364 0.4306 0.4252 
443.15 0.8 0.4635 0.4604 0.4556 0.441)3 0.4415 0.4353 
448.15 0.9 0.4709 0.4676 0.4624 0.4545 0.4473 0.4406 
453.15 1.0 0.4786 0.4750 0.4694 0.4609 0.4532 0.4460 
463.15 1.3 0.4947 0.4907 0.4842 0.4744 0.4655 0.4574 
473.15 1.6 0.5121 0.5075 0.5000 0.4888 0.4786 0.4694 
498.15 2.5 0.5614 0.5555 0.5448 0.5290 0.5152 0.5029 
523.15 4.0 0.6209 0.6139 0.5984 0.5766 0.5580 0.5417 
548.15 5.9 0.6937 0.6866 0.6635 0.6329 0.6079 0.5866 
573.15 8.6 0.7847 0.7805 0.7440 0.6999 0.6663 0.6385 
598.15 12.0 0.9027 0.8468 0.7805 0.7346 0.6984 

"Column gives the pressure for values of r?>~k in the 0.1 MPa / pw column. 
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Table A-10. Calculated values of C/.?l. Units are kg2'mol- 2 

T/K p. 0.1 MPa~w 10MPa 25MPa 50MPa 75 MPa 100 MPa 

268.15 0.1 0.02 -0.21 -0.53 -1.03 -1.49 -1.91 
273.15 0.1 -0.45 -0.62 -0.88 -1.28 -1.65 -1.99 
278.15 0.1 -0.81 -0.96 -1.16 -1.49 -1.79 -2.07 
283.15 0.1 -1.11 -1.23 -1.40 -1.66 -1.91 -2.14 
288.15 0.1 -1.35 -1.45 -1.59 -1.81 -2.02 -2.20 
293.15 0.1 -1.56 -1.64 -1.76 -1.94 -2.11 -2.27 
298.15 0.1 -1.74 -1.81 -1.91 -2.06 -2.20 -2.33 
303.15 0.1 -1.90 -1.95 -2.03 -2.16 -2.28 -2.38 
308.15 0.1 -2.03 -2.08 -2.15 -2.25 -2.35 -2.44 
313.15 0.1 -2.16 -2.19 -2.25 -2.34 -2.42 -2.49 
318.15 0.1 -2.26 -2.30 -2.34 -2.41 -2.48 -2.54 
323.15 0.1 -2.36 -2.39 -2.43 -2.48 -2.54 -2.58 
328.15 0.1 -2.45 -2.47 -2.50 -2.55 -2.59 -2.63 
333.15 0.1 -2.53 -2.55 -2.57 -2.61 -2.64 -2.67 
338.15 0.1 -2.60 -2.61 -2.63 -2.66 -2.68 -2.70 
343.15 0.1 -2.67 -2.68 -2.69 -2.71 -2.72 -2.74 
348.15 0.1 -2.73 -2.73 -2.74 -2.75 -2.76 -2.77 
353.15 0.1 -2.78 -2.78 -2.79 -2.79 -2.79 -2.79 
35lU5 0.1 -2.83 -2Jn -2.83 -2.83 -2.82 -2.82 
363.15 0.1 -2.87 -2.87 -2.86 -2.86 -2.85 -2.84 
368.15 0.1 -2.91 -2.90 -2.90 -2.88 -2.87 -2.86 
373.15 0.1 -2.94 -2.93 -2.92 -2.91 -2.89 -2.88 
38'115 0.1 -2.99 -2.98 -2.97 -2.94 -2.92 -2.90 
393.15 0.2 -3.03 -3.02 -3.00 -2.96 -2.93 -2.90 
398.15 0.2 -3.04 -3.03 -3.00 -2.97 -2.94 -2.90 
403.15 0.3 -3.05 -3.03 -3.01 -2.97 -2.93 -2.90 
413.15 0.4 -3.06 -3.04 -3.01 -2.96 -2.92 -2.88 
423.15 0.5 -3.05 -3.02 -2.99 -2.94 -2.89 -2.85 
433.15 0.6 -3.02 -3.00 -2.96 -2.90 -2.85 -2.80 
443.15 0.8 -2.98 -2.95 -2.91 -2.85 -2.79 -2.74 
448.15 0.9 -2.96 -2.93 -2.88 -2.81 -2.75 -2.70 
453.15 1.0 -2.93 -2.90 -2.85 -2.78 -2.71 -2.66 
463.15 1.3 -2.86 -2.82 -2.77 -2.69 -2.62 -2.56 
473.15 1.6 -2.77 -2.73 -2.67 -2.59 -2.51 -2.45 
498.15 2.5 -2.48 -2.44 -2.36 -2.25 -2.15 -2.08 
523.15 4.0 -2.07 -2.02 -1.91 -1.76 -1.65 -1.55 
548.15 5.9 -1.50 -1.45 -1.28 -1.08 -0.92 -0.79 
573.15 8.6 -0.68 -0.65 -0.36 -0.04 0.18 0.35 
598.15 12.0 0.69 1.22 1.79 2.15 2.42 

Column gives the pressure for values of ci:l1 in the 0.1 MPa / pw column. 

Table A-II. Calculated values of cillc. Units are .kg2·mol-2 

T/K pq U.1 MPa/pw lU MPa 25 MPa 50MPa 75 MPa 100 MPa 

268.15 0.1 -13.31 -13.31 -13.31 -13.31 -13.31 -13.31 
273.15 0.1 -13.56 -13.56 -13.56 -13.56 -13.56 -13.56 
278.15 0.1 -13.55 -13.55 -13.55 -13.55 -13.55 -13.55 
283.15 0.1 -13.40 -13.40 -13.40 -13.40 -13.40 -13.40 
288.15 0.1 -13.17 -13.17 -13.17 -13.17 -13.17 -13.17 
293.15 0.1 -12.90 -12.90 -12.90 -12.90 -12.90 -12.90 
298.15 0.1 -12.59 -12.59 -12.59 -12.59 -12.59 -12.59 
303.15 0.1 -12.28 -12.28 -12.28 -12.28 -12.28 -12.28 
308.15 0.1 -11.96 -11.96 -11.96 -11.96 -11.96 -11.96 
313.15 0.1 -11.63 -11.63 -11.63 -11.63 -11.63 -11.63 
318.15 0.1 -11.31 -11.31 -11.31 -11.31 -11.31 -11.31 
323.15 0.1 -10.99 -10.99 -10.99 -10.99 -10.99 -10.99 
328.15 0.1 -10.67 -10.67 -10.67 -10.67 -10.67 -10.67 
333.15 0.1 -10.36 -10.36 -10.36 -10.36 -10.36 -10.36 
338.15 0.1 -10.04 -10.04 -10.04 -10.04 -10.04 -10.04 
343.15 0.1 -9.74 -9.74 -9.74 -9.74 -9.74 -9.74 
348.15 0.1 -9.43 -9.43 -9.43 -9.43 -9.43 -9.43 
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Table A-ll. Calculated values of c:1~. Units are kg2'mol-2 
- Continued 

T/K pa 0.1 MPalpw 10 MPa 25 MPa 50 MPa 75 MPa 100 MPa 

353.15 0.1 -9.13 -9.13 -9.13 -9.13 -9.13 -9.13 
358.15 0.1 -8.83 -8.83 -8.83 -8.83 -8.83 -8.83 
363.15 0.1 -8.53 -8.53 -8.53 -8.53 -8.53 -8.53 
368.15 0.1 -8.23 -8.23 -8.23 -8.23 -8.23 -8.23 
373.15 0.1 -7.93 -7.93 -7.93 -7.93 -7.93 -7.93 
383.15 0.1 -7.34 -7.34 -7.34 -7.34 -7.34 -7.34 
393.15 0.2 -6.75 -6.75 -6.75 -6.75 -6.75 -6.75 
398.15 0.2 -6.46 -6.46 -6.46 -6.46 -6.46 -6.46 
403.15 0.3 -6.16 -6.16 -6.16 -6.16 -6.16 -6.16 
413.15 0.4 -5.56 -5.56 -5.56 -5.56 -5.56 -5.56 
423.15 0.5 -4.95 -4.95 -4.95 -4.95 -4.95 -4.95 
433.15 0.6 -4.32 -4.32 -4.32 -4.32 -4.32 -4.32 
443.15 0.8 -3.68 -3.68 -3.68 -3.68 -3.68 -3.68 
448.15 0.9 -3.34 -3.34 -3.34 -3.34 -3.34 -3.34 
453.15 1.0 -3.01 -3.01 -3.01 -3.01 -3.01 -3.01 
463.15 1.3 -2.31 -2.31 -2.31 -2.31 -2.31 -2.31 
473.15 1.6 -1.58 -1.58 -1.58 -1.58 -1.58 -1.58 
498.15 2.5 0.47 0.47 0.47 0.47 0.47 0.47 
523.15 4.0 2.96 2.96 2.96 2.96 2.96 2.96 
548.15 5.9 6.25 6.25 6.25 6.25 6.25 6.25 
573.15 8.6 11.15 11.15 11.15 11.15 11.15 11.15 
598.15 12.0 20.10 20.10 20.10 20.10 20.10 

aColumn gives the pressure for values of in the 0.1 MPa / pw column. 




